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ABSTRACT 


The purpose of this study was to develop a method of describing 
science learning situations in terms of teaching mode characteristics, 
and subsequently to use these descriptions in predicting specific 
student cognitive and affective behaviors. 

Science learning situations were viewed in terms of how inquiry- 
oriented the teachers in the sample were Den eei ped to be by: the 
teachers themselves, their students and external personnel. Using these 
perceptions, the teachers were categorized into high, medium or low 
levels of inquiry-orientedness and the performance on cognitive and 
affective attribute measures of students of high inquiry-oriented 
teachers was compared with the performance of students of low inquiry- 
oriented teachers. 

Subsequently, students who indicated a desire for a high inquiry- 
oriented science learning situation were compared with students who indi- 
cated a desire for a low inguiry-oriented situation on several affective 
and cognitive criterion measures. Finally, the student's perception of 
his actual science learning situation compared with his perception of a 
desired science learning situation was used to yield the degree of con- 
gruence or match between the two perceptions. The degree of match was 
used as a predictor of student performance on the criterion measures. 

Results of the analysis yielded implications for methodologies 
of identifying teaching mode characteristics, relationships between dif- 


ferent science learning situations and cognitive and affective behaviors 
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of students and results of matching students with their desired science 
learning situation. 

One of the findings was that the learning environment can be 
described in terms of inquiry-orientedness as defined in this study; the 
source of the description appears to be an important variable for predic- 
tion purposes. It appears none of the sources, the student, the teacher 
or the teacher's associate, is very adequate for predicting student cog- 
nitive behaviors when the classroom is taken as the unit of study. How- 
ever, the individual student's view of his science learning situation is 
statistically significant as a predictor of his affective and cognitive 
behaviors. 

When the students' individual perceptions of their science 
learning situations were used for predicting student attributes, infor- 
mation regarding their desire for high or low inquiry-oriented instruc- 
tion and whether or not they were actually getting the type of 
instruction they desired resulted in two major findings: 1) When 
significant differences in performance on attribute measures were found, 
students who prefer high inquiry-oriented science learning situations 
perform better than students who prefer low inquiry-oriented situations, 
and 2) When students Were classified as matched or not matched to their 
desired science learning situation the four resultant groups performed 
differently. When significant differences were found, the high inquiry 
matched group usually performed best on all affective and cognitive 


instruments, the high inquiry unmatched group performed second best on 
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cognitive-oriented instruments, the low inquiry matched group performed 
second best on attitude instruments, and the low inquiry unmatched group 


usually performed poorest on all instruments. 
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CHAPTER I 
INTRODUCTION TO THE STUDY 


This chapter introduces and describes the nature of the study. 
Subsequent chapters provide a review of the literature contributing to 
the theoretical framework of the study (Chapter II); the research design, 
including the pilot work which contributed to the study (Chapter DE Dy > 
results, analysis and discussion (Chapter IV); and a summary, including 


conclusions and implications (Chapter V). 
Background of the Study 


The teacher in the classroom must be concerned with many variables 
while being involved in science teaching-learning situations. Among 
these variables is the continuous introduction of new methods of presen- 
tation, usually through new science curriculum material (e.g. textbooks, 
individual study kits, audio visual aids). Inherent in many of these 
materials are philosophies of science teaching and instructional approaches 
which the teacher presumably must follow if the instructional aims of the 
new materials are to be achieved. A major question about the materials 
relates to the actual effect they have on the development of students’ 
understandings and attitudes. For example, one might ask, are these 
materials sufficiently congruent in their philosophy of science teaching 
and instructional approach with the way most teachers teach and most 


students learn? 


It would be desirable to know whether certain teaching styles or 
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teaching mode characteristics are associated with particular student 
behaviors or variables such as I. Q., course grades, attitudes and 
understanding of science and scientists. Concomitantly, it would be 
desirable to know if different students desire or require different 
teaching modes or approaches, To answer these questions there is a need 
to develop a method of identifying this association. 

Intelligence and achievement tests are the most commonly used 
instruments for measuring student performances but since they have speci- 
fied limited purposes they do not give a sufficient insight into the 
association between teaching mode characteristics and the whole range of 
student behaviors or variables mentioned above, nor have the limited 
number of attitude instruments and tests on the nature of science which 
have been developed to date been utilized to maximum advantage in studying 
this association. 

The thrust of this study, therefore, is to identify appropriate 
instruments already available, and to develop new ones where needed, for 
measuring teaching mode characteristics and student attributes, and 
further, to devise a method of determining the association or relation- 
ship between them. If this association becomes well understood it could 
enable a classroom teacher to select those teaching and learning 
approaches which will maximize his chances of developing given attributes 
in a given student. It may enable him to adapt better new curriculum 
materials to tye science learning situation desired by each student. 

Some of the student behaviors of concern in this study have been 
indicated in the objectives for junior high school science in Alberta 


(Curriculum Guide, pp. 1-3) as follows: 1) development of humanistic 
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and social implications of science, 2) the development of process and 
motor skills, 3) the development of student attitudes that are in 
harmony with the spirit of scientific investigations and 4) the develop- 
ment of basic science concepts. The objectives, "To develop attitudes, 
interests, values, appreciations, and adjustments similar to those 
exhibited by scientists at work" is found in the statement of objectives 
for secondary school science in Alberta (Curriculum Guide, p. 2). 
Objectives in science education frequently state, or at least 
imply, the methodology by which the goals should be obtained. For 
example, the Alberta Curriculum Guide (Curriculum Guide, pp. 7-11) lists 
desired student skills and attitudes and suggests activities for develop- 
ing them. Pedagogical considerations such as these stem from the 
dynamics of the curriculum reform movement in science of the 1960's and 
the curriculum theory in vogue at that time such as: Gagne's statement 
that students should learn processes (1963, p. 153), Schwab's comments 
on the importance of the structure of the disciplines (1966, p. 32), 
Parker and Rubin's thesis on the importance of considering process as 
content (1968). Welch and Pella not only support these statements but 
add the important dimension of evaluation of achievement of objectives 
when they state "An objective of science is to develop understanding of 
the methods and processes by which scientific knowledge evolves - and 
real objectives must be tested objectives" (1969, p. 68). Hence objec- 
tives intrinsically demand the need for appropriate evaluation devices. 
Although statements of objectives from curriculum guides and 
leading science educators indicate the need for development of several 


domains and areas of behavior in students (cognitive, affective, psycho- 
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motor, process), inadequate attention has been given to the method of 
their implementation in a science classroom, Furthermore, little is 
known about the interaction of the affective, cognitive, psychomotor 
and process areas or domains, and the specific teaching modes and in- 
structional materials that must be employed to achieve objectives in 
these domains and the evaluation techniques that can be used to assess 
the level of their achievement. 

To study these variables, it is helpful to identify, a priori, 
the relationships between domains of objectives, instructional and 
learning strategies and evaluation procedures. Some assistance for 
developing a model for their relationship can be obtained from the 
research literature. Raun and Butts (1967-68, p. 262) have developed 
a model (see Figure 1) for indicating the interactions of the strategies 
of inquiry in science with the affective and cognitive domains. 

This model illustrates the systems approach with the strategies 
of inquiry in science or teaching mode being central. The basic ques- 
tion then is, "Does student interaction with the strategies of inquiry 
or teaching mode affect the student behavior in the cognitive domain, 
the affective domain, in both, or in neither?" The model in Figure 1 
conceptualizes these possible relationships. As well, to complete the 
system, the model indicates "feedback effects which might influence 
-interaction in subsequent school years or in another curriculum organi- 
zation” (Raun and Butts, 1967-68, p. 262). 

Raun and Butts center their study on the hypothesis that if the 
student is exposed "to situations which focus on inquiry and student 


involvement, then certain changes should occur in student cognitive and 
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affective behaviors as a consequence of interacting with the strategies 
of inquiry or a curriculum" (1967-68, p. 262). In the classrooms used 
in the present study there will be a great variety of instruction, some 
of which will not involve strategies of inquiry to a significant degree. 
Therefore, for the purpose of the present study it is necessary to con- 
sider "levels" of inquiry in classroom instruction. To facilitate the 
determination of the nature of instruction that goes on in each class- 
room, it is more appropriate to use the notion of teaching mode character- 
istics (TMC) than "strategies of inquiry". A review of the literature 
of inquiry teaching yields a set of characteristics which depict the 
inguiry mode (Appendix A). A key element in these characteristics is 
process-skill development (e.g. hypothesizing, problem definition, 
Observing, inferring). These inquiry mode characteristics are used to 
develop instruments for determining the teaching mode characteristics 
of the classrooms represented in the study. 

Thus, in the model representative of the present study (Figure 2) 
strategies of inquiry are replaced by the idea of teaching mode character- 
istics (TMC). The focus in the present study is on the effect that the 
specified TMC have on student affective and cognitive attributes. In 
addition to focusing on strategies of instruction, the present study 
takes into consideration the student's desire for a particular set of 
teaching mode characteristics. That is, not only will the effect of 
actual teaching mode characteristics on the student's affective or 
cognitive behaviors be measured, but as well, the effects in these 


domains of the student being exposed to teaching mode characteristics 


of his choice will also be explored. 
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Another element in this study is to compare the perceptions of 
different clientele (teachers, students, teachers' associates, external 
examiners) of the teaching mode characteristics of the science class- 
rooms, Of the clientele mentioned, the research (Walberg, 1969b, p. 444; 
Costin and Menges, 1971, p. 535; Cheong and Devault, 1966, p. 449) shows 
that the individual student's perception of the learning environment is 
increasingly supported over other descriptive methods such as that of an 
external evaluator. In fact, Walberg (1969b, p. 444), for various 
reasons to be discussed later, favors student ratings over many "behavi- 
oral scales and observation schedules" for describing different class- 
room situations. With respect to predictive validity, Walberg points 
out that "few studies have reported significant predictions of learning - 
from them (Medley and Mitzel, 1963), and these few have failed to account 
for substantial variance, say 20%, in the learning criteria (1969b, p. 
444)". As well, Walberg criticizes these external observation devices 
on the basis that they largely tap teacher behavior and focus on fre- 
quency rather than the relative intensity of acts such as rewards. For 
example, a "wink from a grouchy teacher" may be more important than "lots 
of verbal praise from a teacher conditioned to gush". A stimulus from 
the. teacher affects learning only to the extent ae it registers with 
the a ee Research by Costin and Menges (1971) supports Walberg on 
the question of reliability, validity and usefulness of student ratings 
of the learning environment. 

Thus the students! perception of the learning environment, parti- 
cularly of the teaching mode characteristics, is the method which should 


result in significant findings when the student characteristics or 
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attributes are compared with the teaching mode characteristics (TMC). 

Of particular interest in the student's perception of the TMC is 
whether or not what he perceives as the actual science learning situation 
is in fact what he desires. That is, in the view of the student is he 
matched or mismatched with his science learning situation? Four groups 
of students result from this comparison of desired and actual science 
learning situations as indicated in Table l. 

An inherent question resulting from the matching procedure is, 
"What happens when the desired student learning situation is, or is not, 
matched with the actual learning situation?" A partial answer is given 
by the discrepancy studies carried out by Cheong and Devault (1966) with 
respect to teachers being matched to students. They investigated the 
relationships between teacher and "ideal"-teacher discrepancies and six 
dependent variables for elementary school students. Items regarding 
teacher's habits or characteristics were followed by two questions to 
which the students responded: "Is my teacher like this?" and "Would I 
like a teacher like this?" High discrepancies between what the pupil 
perceived he actually had and his perception of an "ideal" teacher were 
found in each of the following categories of students: low achievers 
(boys), low (sociometric) status, low school attitudes, aggressive self 
concepts (1966, p. 449). 

Hunt (1974) also investigated the matching of students and their 
learning situations. To arrange this match, Hunt (1974, p. 43) describes 
students in terms of low to high conceptual levels or ability to act 
independently. A complex set of characteristics is associated with 


individuals of the various conceptual levels (Hunt, 1974, pp. 208-213, 
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= ie fy Investigating the interactive effects of learner conceptual 

level (CL) with the degree of structure of his learning environment, Hunt 
(1974, p. 222) states his basic matching principle, "Low CL learners 
profit more from high structure and high CL learners profit more from 
low structure or in some cases, are less affected than low CL learners 
by variations in structure." The present study will attempt to check 
this statement. 

Hunt's methdology of matching students and learning situation 
appears complicated and unmanageable for a classroom teacher. Cheong's 
and Devault's use of discrepancy scores, based on student perception, 
is a viable method for studying the matching of student learning style 
to teaching mode characteristics. If this method is developed further 
it should be able to be used for prediction of performance on measures 
of various student attributes. Walberg and associates have initiated a 
series of studies in this area using the classroom as the unit of inves- 
tigation (Walberg and Ahlgren, 1970, pp. 153-167; Walberg and Anderson, 
1968, pp. 414-419; Walberg, 1969b, pp. 443-448; Walberg, 1970, pp. 153- 
167). Walberg showed that "measures of student perception of classroom 
environment obtained at midyear predict gains in cognitive, affective 
and behavioral learning criteria during the school year" (Walberg, 

1970, p. 153). These predictions remained when the effect of. the co- 
variates I. Q., initial differences in achievement and interest in the 
subject were Aeeratieas removed from student characteristic measure- 
ments. Walberg recommends that his study be expanded to grade levels 
other than the high school physics classes he studied and to the indivi- 


dual student within the classroom (1969b, p. 449; 1970, p. 166). These 
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are objectives of the present study. 

The model representing the present study, Figure 2, incorporates 
the previously ans variables and procedures: identification of 
teaching mode characteristics (TMC), student's perception of a desirable 
environment, and its matching with the actual TMC and the resultant 


effect on student cognitive and affective behavior. 
Statement of the Problem 


The purpose of this study is to develop a method of describing 
science learning situations in terms of teaching mode characteristics 
and subsequently to use these descriptions in predicting specified 
student cognitive and affective behaviors. 

Science learning situations are viewed in terms of how inquiry- 
oriented the teachers in the sample are perceived to be by the teachers 
themselves, by their students and by external personnel. Using these 
perceptions, the study categorizes teachers into high, medium or low 
levels of inquiry-orientedness, and compares the performances of students 
of high inquiry-oriented teachers with the performances of students of 
low inquiry-oriented teachers on each attribute measure. 

Further, the individual students are categorized on the basis of 
the level of inquiry-orientedness desired in their science learning situa- 
tion and students who desire a low inquiry-oriented science learning 
situation are compared with students who desire a high inquiry-oriented 
one on each behavior measure. 


Specifically, the study is designed to obtain answers to the 


following questions: 
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l. Which, if any, perceptions of a teacher's science learning 
situation can be used to predict student attributes in ie 
cognitive and affective domains? Concomitantly, in describing 
teachers as more or less inquiry-oriented, is high inquiry 
desirable for prediction of certain attributes in students 
and low inquiry desirable for prediction of others? 

2. Do students who desire a high inquiry-oriented science learning 
situation perform differently on the cognitive and affective 
measures than students who desire a low inquiry-oriented 
science learning situation? 

3. Can differences be identified among students classified as 
being matched or not matched with either high inquiry or low 
inguiry-oriented science learning situations? That is, are 
there any differences among the four groups of students identi- 
fied in Table 1 with respect to their scores on cognitive and 
affective measures? 

A pilot study utilizing nine grade nine teachers and their 
students (approximately 450) in the Edmonton Public School system was 
conducted to determine the productivity of research on using TMC to 
predict student attributes. The pilot study was also used to identify 
and field test instruments and methodologies which could be utilized to 
measure the following student behaviors in the cognitive and affective 
areas: I.Q., science grades, attitudes toward science and school, 
knowledge of the nature of science and scientists. 

In the main study twelve instruments were used to gather data 


from approximately 130 grade nine teachers and their 4500 students 
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throughout the Province of Alberta during February through May, 1972. 

All grade nine teachers in the Province of Alberta were informed of the 
study and those chosen were picked at random from the 250 who volunteered 
to participate. For reasons to be stated later, only six teachers and 
their students (approximately 482) who completed all major questionnaires 
and tests were used for testing the hypotheses. The major design change 
from the pilot study was to take the individual student into consider- 
ation to enable investigation of matching of student and his learning 
environment and subsequently to utilize this matching to predict achieve- 


ment. 
Definitions 


Teaching Mode Characteristics 

Teaching mode characteristics are the composite of those acts, 
student activities, instructional materials, curriculum, etc. used by 
a specified teacher which are indicated in the table of "Characteristics 


of an Inquiry-Oriented Science Learning Situation", Appendix A. 


Science Learning Situation Inventory (SLSI) 

This instrument is based on selected characteristics from the 
Table in Appendix A and is used to determine the teaching mode character- 
istics of a specified teacher. Three parallel forms have been produced, 
one for the student (SLSI-S), one for the teacher (SLSI-T) and one for 
the teacher's associate (SLSI-TA). 

The SLSI-S version has three subtests: SLSI-TMC, SLSI-A and 


SLSI-D. The SLSI-TMC subtest contains the majority of items in the 
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SLSI-S test (see Table 14), the SLSI-A subtest contains selected items 
which measure the student's perception of his actual science learning 
situation and the SLSI-D subtest contains items parallel to those used 
in the SLSI-A subtest and measure the student's desired science learning 


situation. 


Teaching Modé Characteristics (TMC) Score 

This is the score used to classify teachers as to degree of 
inguiry-orientedness. The TMC score for teachers and teacher's associates 
is the score obtained on the SLSI-T and SLSI-TA tests respectively. The 
TMC score for students is the SLSI-TMC subtest score. A high TMC score 


indicates a high degree of inquiry-orientedness. 


Discrepancy Score 


The SLSI-A yields an A-score and SLSI-D yields a D-score. Higher 
scores indicate a higher degree of inquiry-orientedness. The difference 
between the D-score and A-score, that is D - A, is the discrepancy score 
and is an indication of the degree to which a student is matched with his 
science learning situation. As indicated in Table 2 this should result 
in four groups of students with the two matched groups having low discre- 
pancy scores and the two groups not matched having high discrepancy 


scores. 


How I Feel About My School (HIFAMS) 


HIFAMS (Pyra, 1965) was developed to ascertain a student's 
attitudes towards aspects of his school such as his social life, the 


degree to which the program meets his needs and the helpfulness of 
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TABLE 2 


USING DISCREPANCY SCORES TO INDICATE MATCHING OF STUDENTS 


TO THEIR SCIENCE LEARNING SITUATION 


Group D-Score D-A Result 
yi High D=A Matched 
Z High D#A Not Matched 
3 Low D=A Matched 
4 Low DFA Not Matched 


Description 


Want high level of inquiry. 
Are getting high level of inquiry. 


Want high level of inquiry. 
Are not getting high level of 
inguiry. 


Want low level of inquiry. 
Are getting low level of inquiry. 


Want low level of inquiry. 
Are not getting low level of 
Inguizrg. 
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teachers. A total test score indicating the student's general attitudes 
towards his school and six subtest scores indicating the student's 
attitudes towards specified aspects of his school are utilized in the 


present study. 


Test On Scientific Attitudes (TOSA) 

TOSA (Kozlow and Nay, 1976) is based on an Inventory of Affective 
Attributes of Scientists (Nay and Crocker, 1970) and was developed to 
test two aspects of attitudinal behavior in science: 1) knowledge of 
what a scientist would do in a given science situation and 2) what the 
student would do if he was faced with a similar science situation. Three 
scores are obtained from this ‘test: 2) a total test score, 2) a subtest 
score indicating student knowledge of attitudinal behavior of scientists 
(CCS), and 3) a subtest score indicating student intended action in 


similar science situations (ICS). 


Science Mark 


The science mark of each student is that mark, in per cent, 
received from his teacher indicating the student's proficiency in his 


grade nine science course. 


ESO Woon ateyss 


Lorge-Thorndike or Otis Quick Scoring tests results, as received 


from each teacher, are used to indicate the I.Q. score for each student. 


Test On Understanding Science (TOUS) 


Two forms, Ew and Jw, (Cooley and Klopfer, 1961) are used to 


indicate student's understanding of scientists and the scientific enter- 
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18 
prise. Each student receives one score from each test. 


Student's Attitudes. Towards Science (SATS) 
SATS (Hedley, 1966) was developed to obtain information on the 
degree of student satisfaction with his science course, A total test 


score is used for each student in the present study. 


Sequential Tests of Educational Progress (STEP) 


The Science, Form 3A STEP test (Cooperative Science Tests of 
Educational Progress, 1962) was used to give students a score on general 


science knowledge. 
Hypotheses 


The design of the study is based on the following null hypotheses: 
Hypothesis 1 (Hi): 

There is no significant difference between TMC scores for 
teachers classified as high inquiry-oriented and teachers classified as 
low inquiry-oriented for each of the rating methods: teacher, student, 
teacher's associate. 

Hypothesis 2 (H,): 

For each of the three rating methods there are no significant 
differences between the students of teachers classified as high inquiry- 
oriented and teachers classified as low inquiry-oriented in their per- 


formance on the criterion measures: HIFAMS, TOSA, Science Mark, I. Q., 


TOUS-Ew, TOUS-Jw, SATS. 
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Hypothesis 3 (H,): 


Ha. When students are classified as desiring either a high 
inquiry~oriented science learning situation or a low inquiry-oriented 
science learning situation the two resultant groups show no significant 
differences in their performance on the criterion measures: HIFAMS, 
TOSA, Science Mark, TOUS-Ew, TOUS-Jw, SATS or STEP. 

Hb. When students are classified as desiring either a high 
inquiry-oriented science learning situation or a low inquiry-oriented 
science learning situation the two resultant groups will show no signifi- 
cant difference in their performance on the criterion measures: HIFAMS, 
TOSA, Science Mark, TOUS-Ew, TOUS-Jw, SATS, or STEP, when I.Q. is used 
as a covariate. 

Hypothesis 4 (Hy): 
When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups as indicated by their 
a. Desired science learning situation, or D-scores 
b. Actual science learning situation, or A-scores 
CC. ‘Diserepancy Scores? +DaarA. 

Hypothesis 5 (H,): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups when I.Q. is used as a 


covariate as indicated by their 


a. Desired science learning situation, or D-=scores 
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b. Actual science learning situation, or A-scores 
Cc. Diserepancy scores, .Dy- iA. 
Hypothesis 6 (H): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups in their performance on the 
following criterion measures; HIFAMS, I.Q., SATS, Science Mark, STEP, 
TOSA, TOUS-Ew, TOUS-Jw. 

Hypothesis 7 (Ho): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups in their performance on the 
following criterion measures: HIFAMS, SATS, Science Mark, STEP, TOSA, 


TOUS-Ew and TOUS-Jw, when I.Q. is used as a covariate. 
Limitations 


1. The measuring instruments are not, in all cases, designed to do 
exactly what is desired. Unfortunately a limited number of 
instruments are available for this type of study. Part of this 
study involves their construction. 

2. Administration of the tests was left up to the teacher and 
hence is an uncontrolled variable. This situation is of 
considerable concern in obtaining valid scores from a teacher's 
associate on the SLSI-TA instrument. The assumption is made 


that the questions were answered independently, but since the 
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only contact made with this associate was by a letter of 
explanation biases may produce inaccurate results. 

The degree to which inquiry-orientedness is actually measured 
in the study classrooms is limited by two factors: the items 
chosen to describe inquiry-orientedness on the SLSI instruments 
and the pencil and paper method of measurement. 

Intelligence test (I.Q.) scores are those reported by the 
teachers and are from either the Lorge-Thorndike or Otis Quick 
Scoring Mental Ability Tests. These two scores are used synony- 
mously although their highest reported correlation is 0.85 
(Lorge and Thorndike, 1957, p. 13). The utilization of these 
scores as synonymous is considered reasonable when the following 
variables are considered: I.Q. scores do not constitute a 
major aspect of the present study, control over testing condi- 
tions for ascertaining I.Q. scores parallel those for the 
present study, how current the reported I.Q. scores are may be 
more important than their correlation. 

Measurement of student proficiency on his science nine course 
was not done with a standard exam but by teacher estimate. 
Although the comparability of these marks can be questioned 
this procedure is considered realistic since schools in Alberta 
are accredited and the same methodology is used by the Depart- 


ment of Education to ascertain all final student marks. 
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22 
Delimitations 


li. In the present study all treatment groups are ranked by degree 
of inquiry-orientedness. These groups are divided into thirds 
and subsequent statistical tests include only the top and 
bottom groups. No findings are reported for the middle group. 

2. The findings will be applicable only to grade nine students in 
the Province of Alberta and resultant test norms valid during 
the spring months of the school year. 

3. Data were collected from a large number of classrooms which are 
described as the population of the study and proyide population 
means and variances. However, only a sample of this total data 
was used for the final analysis, primarily for economy of 


processing. 
Significance of the Study 


Is ingquiry-oriented instruction a key pedagogical approach in 
science education? Can the degree of inquiry-orientedness of a class- 
room be determined and related to any criterion measures? Do different 
groups, e.g. teachers, students and external evaluators, view a given 
teaching-learning situation equivalently? Do students vary in their 
desire for learning environments and, if they do, what is the effect of 
this desire on their achievements? In addition, how is their achieve- 
ment affected by their being matched or not matched to their desired 


learning situation? What progress can be made into the realm of evalu- 


ation in the affective domain? 
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Educators at all levels require information which provides 
answers to these questions: the teacher in providing for the individual 
student, the administrator in organizing a school program, the evaluator 
or superintendent in assessing the performance of teachers, and the 
university instructor in providing a course for future teachers. In 
addition, the development and utilization of measuring instruments in 
areas other than the cognitive domain should increase the scope of 
testing programs by allowing evaluation of a much wider range of objec- 
tives. 

The significance of this study is to be measured by the degree to 
which it provides answers to the above questions and, in addition, by 


the potential of its findings to guide further research. 
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CHARTER PLE 
REVIEW OF RELATED LITERATURE 


The review of the literature will follow the model presented in 
Figure 2. The introductory section of this chapter has to do with the 
bases for inguiry-oriented instruction. Subsequently, methodologies for 
describing the learning environment in terms of the characteristics of 
inquiry-oriented instruction are reviewed. These two sections provide 
background for the predictor component of ‘the model (Figure 2) used as 
representative of the present study. Literature indicating possible 
relationships between the predictor component, teaching mode character- 
istics, and student attributes is reviewed in the following section. A 
major theoretical basis, the Conceptual Level Matching Model, is con- 
sidered next to emphasize the use of TMC scores as the predictor 
variable and then possible relationships between the Matching Model and 
Inquiry-Oriented Instruction are discussed. Sections relevant to student 
attributes in the cognitive and affective domain follow and finally the 


relevance of the curriculum as a predictor variable is considered. 
Inquiry-Oriented Instruction 


Characteristics of inquiry-oriented instruction were presented 
earlier (Appendix A) and selected aspects utilized as the basis for 
describing Teaching Mode Characteristics, Views and research on inquiry 
instruction can be identified from two major groups; psychologists and 


science educators. These two sources will be considered here. 
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Psychologists and Inquiry-Oriented Instruction 


Probably the psychologist most frequently referred to in dis- 
cussing learning theory is Piaget. Piaget's theory of three stages of 
development (Piaget, 1954) each with characteristic abilities and 
limitations is utilized to build curricula and guide research. Much of 
the current research seeks to identify skills and activities relative 
to each stage and transitions between them. Knowledge of these skills 
and stages could be important in indicating which, and to what degree, 
process skills (see Appendix B) can be more profitably utilized during 
the various phases of the child's development. 

Bruner apparently parallels Piaget as indicated by his dictum 
"any subject can be taught effectively in some intellectually honest form 
to any child at any stage of development" (Bruner, 1962, p. 33). Bruner 
maintains that to teach the basic ideas of a subject to young children 
One must present the ideas in terms of concrete operations through which 
the child is capable of grasping the central concept, although he may 
not be able to formally express the concept in words. What is required, 
according to Bruner, is that the child be helped to pass progressively 
from concrete thinking to the utilization of more conceptually adequate 
modes of thought. The potential that the stage of concrete operations 
has for meaningful teaching leads Bruner to enthusiastic endorsement of 
inquiry-oriented or what he calls the discovery method of teaching. The 
increased relevancy of inquiry-oriented instruction becomes evident in 
Bruner's later work as he stresses the need for relevancy and hence 
"ourriculum not as a subject but as an approach to learning and using 


knowledge" (Bruner, 1971, p. 20). Process skills seem necessary if the 
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individual is going to have the ability to bring all his resources to 
bear on something that matters to him now. 

Although Bruner presents his ideas on discovery learning as 
being based on the ideas of Piaget, some writers (Labinowich, 1969) see 
Significant differences between Piaget's theories and Bruner's inter- 
pretation of them. Bruner's statement that basic concepts can be taught 
effectively at any level reflects disagreement with Piaget as to the 
necessary and sufficient conditions in which anid dh will acquire such 
concepts, and the mental processes which underlie them. This disagree- 
ment is illustrated in two other basic assumptions upon which Bruner 
bases much of his theory of discovery teaching. One is the premise 
"that intellectual activity anywhere is the same, whether at the frontier 
of knowledge or in a third grade classroom" (Bruner, 1962, p. 33). He 
assumes further that "discovery, whether by a schoolboy going it on his 
Own or by a scientist cultivating the growing edge of his field, is in 
its essence a matter of rearranging or transforming evidence in such a 
way that one is able to go beyond the evidence so reassembled, to 
padsutionali new-insights” “(bruner, 1961, pie 22) . 

Bruner feels that a number of benefits are to be derived from 
the experience of learning through discovery. First, he maintains that 
intellectual potency is increased by leading the learner to organize 
what he is encountering in a manner which will enable him to discover 
regularity and relationships, He also states that "practice in dis- 
covering for oneself teaches one to acquire information in a way that 


makes that information more readily viable in problem solving" (Bruner, 


} ' - 4 
one. ‘ 4" 14 > , co > { r > | “AN Stk sed Li 4 up 2 ou 
et ed oe - Habe Ha : , ls 
2 F VS i) H 
iid. Ga 2 tetiem ai ne esti eee F 
ah : z y ~ : 


os O1khdsok wrevooeth no esebl Bil -etgSee a Senta age aih 1 
(AON, tester td es eyth b Pewy |. Same ope: “Lo Beebe sae a2 t@a8 


Pie | ak x 
a\2 tT neon sd Sane 
\ soy . . ‘ re nm = a 
, ele + Siesé Seh4) Snansta4e2 «teksts meh 2) ee 
J 7 t 4 os " +) can 
a | i 


itiw gnome tdBe tb aoe 1379 LONE As ern eee 


; 
SS 
re 


yy t ut owes mans ct Lifeboat) ao itiwe ao27 ao, bab Veit bos Vom Be 3° 
15551 iW ee 2 qiwees ihaed telsey “is k, bas a 
cehepeeecy MCT ES) ORS iva aid, ~e oie 


" Agttnost ett ge iodtede yenpe fake et Sterlite wit an noes x3 
"4 ' 7 ; 


te oS) es | “Anas *noxryi2e se oy aS a att be ah "aa oa fe 


Lil mo 20 taken Woatloauipe) a 20 sat voc aloe “yond 
® Py Jie off 
9 mt Siatd att “to wah ' Seve "aS Savage Cod! 
A q $ i 


ae BP : 
. | 4 “ie (vy ite 
. We MISES eeT Ge. fish) Ses xi prog ie onus AA 
8 
id i 


f 9 
S dbe AL aonrea tb rvs ant iss Aatveciedy wae BAe BAGS ea 


: (SS oy Gee Xt esniwady | “82 bes 
mor) Devi Ish ed Od) eat aa Aare 45 séann et sist 
¥ ¥ 


Ag) “ 


seize 2ulstalen: Ba Siti eee ely 
| | ue 

esiaapio, of tan tes ons aaciae ay ¥ ts 
SVC 7B tH OS mite < Adages have ‘os 


_ ; ( ~—abi ak oni Joana" vad woaet: om 


THN). “Sikes ‘se mé 


ade a 


27 


1961, p. 26) and enables one to deal with problems and values of current 
concern..(Pruner,, 1971.,.pp..20-21); 

Ausubel disagrees with Bruner on this point and asserts that it 
is not the process of discovery. that organizes learning effectively for 
later use but the careful organization of the curriculum planners. 

Ausubel states (1961, p. 21) »".....the, unsophisticated. scientific mind 
is only confused by the natural complexities of raw, unsystematized 
empirical data, and learns much more from schematic models and diagrams." 
Although Ausubel has presented considerable evidence to support his 
technique of using advance organizers to improve meaningful learning and 
retention, he has always compared advance-organizers technique with non- 
organizer technique. A direct comparison of Ausubel's advance organizer 
technique with utilizing process skills to teach science indicates no 
conflict; this aspect of inquiry instruction would be viewed as a method 
of operationalizing Ausubel's recommendations. 

Ausubel agrees with Bruner that inquiry-oriented instruction has 
much to recommend it in terms of motivation but maintains that good exposi- 
tory teaching is capable of generating motivation just as well as discovery 
methods. A problem is that expository teaching is often of the rote 
learning type and is carried out without regard to how concepts take 
shape in the mind of the learner. Also, Ausubel does not appear to recog- 
nize two important aspects; 1) inquiry-oriented instruction can take 
place in the expository mode, and 2) different learners may desire differ- 
ent learning situations or a variety of methods of teacher presentation. 

Ausubel maintains that the process of discovery cannot be taught. 


Friedlander (1965), to some degree, expresses a similar concern in 
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questioning whether all students have the intuitive flair for discovery 
learning. These concerns are real but again would apply when teachers 
fail to take into consideration the different levels of complexity in 
which inquiry or discovery learning can be used. 

A further point of disagreement is on how well material will be 
remembered as a result of different instructional methodologies. Ausubel 
states that discovery learning will have no bearing on how well the 
material will be remembered but maintains ".... most of what anyone 
really knows consists of insights discovered by others which have been 
communicated to him in a meaningful fashion" (Ausubel, 1961, p. 26). 
The present study is based on the idea that a variety of science learning 
situations are required if material is to be meaningful to the total 
population of students; these ideas do not appear contradictory. 

Disagreement exists between the present study and Ausubel's 
definition of inquiry. He contrasts discovery or inquiry learning with 
reception learning which he describes as a situation where the entire 
content of what is to be learned is presented in final form and requires 
only internalizing; inquiry-oriented instruction does not preclude this 
situation but may provide a more meaningful way of approaching it. Also 
basic to Ausubel's position is his assertion that the main objectives of 
education are, first, the long term acquisition and retention of stable, 
organized, generalizable knowledge, and second, growth in the ability to 
use this knowledge in solutions of particular problems. 

Ausubel's assumption that the student's main goal is to acquire 
subject matter is not valid in the case of science, where process is 


equally important. Ausubel does not completely ignore the problem and 
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PMeLact, supports the use of inquiry techniques in teaching the process 
of science. Since he does not dea with this question in depth, he has 
left the misinterpretation that he is entirely opposed to inductive 
techniques. 

Gagne is another payoletodiet whose work has had considerable 
impact on the development of inquiry-oriented curricula. He sees the 
central problem of science education as being the development of a method 
of instruction which will teach students the discovery approach of eo lenees 
Central to this method of instruction is the development of students’ 
Skill in the processes of science. This first involves, according to 
Gagne, the identification of the terminal capability, that is, what the 
student will be able to do after he has learned a process skill. Speci- 
Pical Ly, esti feels that the student should regard each newly encountered 
Phenomenon as a challenge for thinking. He (Gagne, 1963, p. 154) states: 

Such thinking begins with a careful set of systematic 

observations, proceeds to design the measurements required, 
clearly distinguishes between what is observed and what is 
inferred, invents interpretations which are under ideal cir- 


cumstances brilliant leaps, but always testable, and draws 
reasonable conclusions. 


Gagne also states that we must identify the instructional condi- 
tions which will bring about this change in the student's capability. He 
feels that while practice in inquiry is certainly valuable, it is not the 
whole story, and that there is a danger that practising inquiring too 
soon and without enough background can restrict the development of 
independent thinking. Pre-requisite to the practice of inquiry, Gagne 


maintains, is the possession of an organized body of knowledge, the 
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_ability to apply general principles to specific situations, and the 
ability to evaluate an idea. 

Gagne's main association with the inquiry curriculum is through 
AAAS (American Association for the Advancement of Science) elementary 
school program, "Science - A Process Approach". 

The present study utilizes aspects of each of the views presented 
above. Piaget and Bruner indicate.different students learn in different 
manners at different times. It seems logical to conclude different 
instructional methodologies and levels of presentation are desirable 
and students should be exposed to a learning situation compatible with 
their needs or desires: namely, matched to their science learning 
situation. Ausubel supports this idea to some degree in indicating 
organization is required to facilitate optimum learning although his 
limited definition of inguiry precludes it for major consideration. 
Gagne's ideas of teaching process skills and identifying optimum science 


learning situations are central to the present study. 


Science Educators and Inguiry~Oriented Instruction 

Psychologists emphasize the nature of learning as a starting 
point for developing a science program whereas the science educators 
show appropriate concern for the structure of scientific disciplines. 
Schwab (1966, pp. 32-37) illustrates this concern when he identifies 
four groups of factors which he considers basic to curriculum development: 
1) subject matter - the character and state of the discipline, 2) milieu 
group - the needs, demands and conditions which social structures impose 


upon their members, 3) learner group - concerns related to the character- 
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istics of the individual, and 4) teacher group - concerns related to the 
type of person and his training. Schwab indicates the inadequacy of 
subject content patterned curricula as they relate to these factors. 

He proposes an inquiry-oriented curriculum as more sufficient and 
desirable for teaching students the essence of science. 

Schwab contends an inquiry-oriented curriculum is necessary be- 
cause of two major problems: 1) the tremendous increase in volume of 
scientific information, and 2) the change in the nature of science from 
a relatively static body of information about the nature of the world, 
to an active process of inguiring into the nature of the world. Novak 
(1964, p. 26) supports this two-fold argument for an inquiry-oriented 
curriculum when he says, "Not only is there an exponential growth in 
information which tends to be overwhelming, but there is a dynamics in 
SCLTENCE ss." 

Concern is expressed for the fact that while science as a 
discipline has changed, and now involves more emphasis on the dynamics, 
Petenee teaching has failed to reflect that change. Schwab (1966, p. 21) 
suggests that the change in the science discipline has come about as it 
has taken on a more significant role in the economics and politics of 
our society and become "the foundation of national power and productiv- 
ity" (1966, p. 21). The resulting intensification of scientific work 
has increased the rapidity of revision of scientific knowledge to a point 
where the average revisionary cycle lasts about 15 years, (Schwab, 1966, 
p. 18) much less than the lifetime of a scientist, 

Science education must take account of these changes and find 


a way to cope with the problems they create. Hurd (1964, pp. 7) says, 
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To escape the threat of obsolescence, education in the 

sciences must be based upon the kind of information that has 

survival value and upon strategies of inquiry that facilitate 

the adaptation of knowledge to new demands, 
Novak (1964, p. 26) agrees, "The problem in science education today is 
to avoid teaching science as a rhetoric of conclusions and to teach it 
as scientific inquiry". These ideas appear to parallel Bruner's ideas 
to a significant degree. Additional agreement comes from Hurd (1964, 
p. 7) in his proposal that science education must be oriented towards 
lifelong learning, rational and independent thinking and acquisition of 
productive knowledge. He (1964, p. 7) contends that "inquiry skills 
will provide the learner with tools for independent learning" and that the 
use of conceptual structures as the basis for inquiry will supply an 
increased stability. In short it is proposed that an inquiry-based 
curriculum more nearly reflects the nature of the science discipline and 
would thus be more valid as a medium to get across this nature. In addi- 
tion such a curriculum should thus prepare a more informed public and 
prepare leaders who must make decisions regarding science research and 
development. 

These ideas provide the basis for science education from the 
science educators' point of view and a reason for including inquiry- 
orientedness as a basis for Teaching Mode Characteristics in the present 
study. 

Nay (Nay and Associates, 1971, pp. 197-201) describes a strategy 
by which the objectives of science education may be operationalized: 


"To enhance a student's comprehension of how scientists work and scienti- 


fic knowledge evolves, a science curriculum must be provided in which 
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selected concepts and the associated processes of inquiry are integrated" 
(Nayrand Associates, 1971, p. 197). Nay (1971, p. 197): indicates that 

in the implementation of this integration there are i ae penta tty many 
process-approaches to teaching science" depending on the "processes" 
involved and the use made of them. 

Nay's process approach is based on and defined in terms of an 
organized "Inventory of Processes in Scientific Inquiry" (Appendix B). 
In this system it is desired that the curriculum "reflect the multi- 
dimensionality of science (Nay and Associates, 1971, p. 198)". He 
exorauns further (1971, p. 198) > 

That is, the science curriculum should include knowledge 

(or the product of inquiry), the processes involved in ob- 

taining this knowledge, the attributes displayed by scientists 

engaged in inguiry, the history and philosophy of science, and 

finally the social consequences of scientific discoveries. 
The concept of a process approach is not new since it is inherent in 
Dewey's five-step "scientific method" consisting of defining a problem, 
forming an hypothesis, planning a test of the hypothesis, gathering data 
and forming conclusions. This formalism has, for decades, been "quoted 
in the introduction of almost every science textbook (but virtually 
ignored in subsequent chapters:)" (Nay and Associates, 1971, p. 198). 
Modification of Dewey's model have appeared (Schwab, 1966; Welch, 1966; 
Brown, 1968) but an instructional program based on them was neither 
developed nor implemented until relatively recently: that is, a curricu- 
lum which has as a basic premise the idea that the "behavior of scientists 
can be analyzed into simpler activities, and that these can be arranged 


in a hierarchy of complexity for purposes of instruction" (Nay and 


Resociates, 197415) +-199). 
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Thus the "behavior of scientists" becomes an instructional model. 
That is, it is assumed that the activities of the scientists may be 
learned by students, providing appropriate instruction is involved. Way's 
approach is somewhat unique in that it is described by an organized 
Inventory of Processes in Scientific Inquiry based on the study of real- 
ity in science, including scientists. Although many "Science teachers 
already include the process dimension, to a greater or less degree", (Nay 
and Associates, 1971, p. 200) a consistent and systematic approach may 
be lacking. The Inventory, as a model for instruction, aims to provide 
the structure required for a consistent and systematic approach to 
teaching science. As well, students “generally enjoy the practical 
work involved in an investigation" (Nay and Associates, 1971, p. 200) 
and impetus to learning should certainly be provided by not only basing 
a course on student activity but teaching the student, in detail, how to 
carry out the desired activities or, in other words, develop expertise 
in some of the important steps in scientific methodology. 

Process skills referred to in the present study are those inven- 
toried by Nay and Associates ("An Inventory of Processess in Scientific 
Inquiry" in Appendix B) although it is acknowledged that most new 
science programs are coming out with a list of "process skills". In 
addition, since inquiry-orientedness permeates the literature to a high 
degree a methodology of quantifying it and relating this quantification 


to student attributes seems desirable and needed. These are major 


objectives of the present study. 


Research on Inguiry-Oriented instruction 


Is there a best way to teach? Does inquiry-oriented instruction 
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produce a predictable or unique set of student attributes? Several 
researchers have addressed themselves to these problems. 

Goldman and Goldman (1974, pp. 53-58) present a problem solving 
model in which the individual performs activities similar to the process 
skills utilized by Nay and others, They produce the model to facilitate 
"Change from a teacher-centered to a student-centered class" (Goldman 
and Goldman, 1974, p. 53). As well, they claim the "skills learned in 
following this problem solving model are those which will be useful long 
after memory of details of the course content have dimmed" (Goldman and 
Goldman, 1974, p. 58). Of significance in this article is the proposal 
of a methodology of teaching a complete and integrated set of processes 
such as Nay and Associates (1971, Pp- 197-201) have done. 

Piaget and Bruner emphasize the importance of each student being 
exposed to an appropriate learning situation compatible with his current 
stage of development. Lewin (1974, pp. 54-56) reiterates this position 
and includes process skills as well as cognitive structures in the 
learning hierarchy and emphasizes their importance in learning how to 
learn. With respect to teaching children how to learn Thelen (1960, 

p. 160) expresses concern with evaluation and its misuse in achieving 

this education goal. These variables of providing an appropriate learning 
situation, teaching inquiry skills and the evaluation of cognitive and 
affective outcomes should be considered in research on ingquiry-oriented 
instruction and are the major components of the present study. 

Suchman (1962) devised an experiment to provide answers to the 
questions: 1) Does inquiry training produce measurable changes in the 


inquiry process when it is conducted in the ordinary classroom setting? 
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2) Does the acquisition of information and growth of science concepts 
through inquiry training compare favorably with learning that is pro- 
grammed and controlled more directly by the teacher? 

Twelve male teachers of above average interest in science 
received an eight week workshop in inquiry which Suchman (1962, p. 4) 
defined as, "... a form of human behavior in which a person acts to in- 
crease the meaningfulness of hiS' knowledge and experience". Two classes 
of sixth grade students, one inquiry and one control, matched in ability, 
were organized in each school; in some cases the same teacher taught 
both classes. Both groups were shown a problem episode film but in the 
control group the follow-up was by relevant physics experiments, lectures 
and reading assignments. The experimental group received inquiry 
training and then individuals were permitted to ask questions about the 


w 


film that could be answered by "yes" or "no". A critique followed the 
questioning session. Students from the two treatment groups were 
compared on a standardized cognitive test, a test of identification of 
underlying principles and a test on the frequency and type of question 
asked. 

The results indicated no differences on the cognitive tests, the 
inquiry approach took more time and the experimental group asked more 
questions and of an analytical nature. 

Suchman's research ignores matching of students and desired 
science learning situation, has a very limited operational component of 


inguiry and the evaluation instruments leave much to be desired. The 


present study attempts to incorporate and expand all these areas. 
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Ivany (1965) conducted a similar set of experiments at the grade 
eight level to ascertain which of two modes of instruction (hypothetical 
and expositional) elicited a greater amount of inquiry activity and 
better cognitive results. He found no significant differences in cogni- 
tive outcomes but, not surprisingly, the group classified as nonexpository 
showed more inquiry-orientedness. 

As with Suchman, Ivany utilizes such a limited definition of 
inquiry his results can hardly be used to compare the two hypothetical 
modes: expository and inquiry. Expansion and description of the 
characteristics of a science learning situation as it actually exists, 
and not as set up artificially, are aspects of the present study. 

Scott (1966), using a Suchman type experimental model, employed 
a "styles of categorization test" as his measure of differences pro- 
duced between the experimental and the control groups. He (Scott, 1966, 
p. 143) had two questions to be answered: 1) Would an inquiry program 
have a continued effect on children's behavior after the novelty of the 
situation had passed? 2) Would the verbal behavior changes in the 
inquiry program children in a three-year study be traceable to the elements 
of the strategy emphasized during the program? 

Scott started the program with 25 grade 5 students in 1962 and 
continued using the inquiry approach through June, 1965. The students 
were given about 100 minutes of inquiry training per week throughout the 
year. They were tested with the Siegel Cognitive Styles Test in 
September, 1962, June, 1964, and June, 1965. A group of children who 


had not experienced the Inquiry Program were matched with the experi- 


mental group at each testing period. 
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fhe results were asifollows (Scott; 1966; ph 153)c 

Inquiry strategy appears to have had a continuing effect on 

the verbal behavior of this group of children over the three- 
year testing period. The children exposed changed in several 
different ways: verbal fluency and flexibility were increased; 
attention to detail became more accurate; inferences as to 
invisible attributes showed a strong trend away from the 
emotional and locational responses, and toward the. inherent 
classification attributes and each of these changes can be 
reasonably traced to a specific emphasis of the inquiry 
strategy used in this program. 

A large number of other studies paralleling that done by Suchman 
have been conducted: Brown (1967), Renne (1970), Butts and Jones (1966). 
They all have in common several experimental weaknesses and outcomes. 
Most use definitions of inquiry-orientedness which are limited and/or 
unrealistic. Few significant differences were reported on any of the 
dependent variables being tested. Finally, none took into consideration 
either student preference or a typical style of teaching. 

Research on discovery inquiry learning by psychologists expres- 
ses similar concerns: lack of accepted definitions of discovery or 
inquiry learning, few significant differences in hypothesis testing, 
validity of experimental design, lack of consideration of individual 
differences, and non-typical classroom situations (Cronbach, 1966; 
Glaser, 1966; Wittrock, 1966; Hermann, 1969). 

The present study utilizes! ascomprehensive listiof inguiry- 
oriented teaching characteristics gleaned from the literature, views 
teachers in a natural situation and classified them by the degree to 
which they utilize the specified characteristics, It does not attempt 


to prove there is a best way to teach but is comparing the ongoing 


science learning situations with respect to desirability as perceived by 
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the client, the student, and the results which can be associated with 
matching or not matching students with their desired science learning 
situation. The results of this are checked in terms of behavior in 


affective and cognitive domains. 
Describing The Science Learning Situation 


For purposes of the present study, the teaching mode character- 
istics have been defined in terms of characteristics of inquiry teaching 
‘and learning. Specification of the latter is given in Appendix A and 
its importance in science teaching discussed in the previous section. 

It is now necessary to consider the reliability of the source of infor- 
mation for identifying the actual teaching-learning situation in a 
classroom. Several sources are available: the teachers themselves, 
their students, and external evaluators (e.g. peers, administrators, 


evaluation experts). 


Peer Evaluation of the Learning Situation 

Elliot in her article "Peer Evaluation For Teachers? Why Not?" 
(1974) expresses doubts about administrators making good evaluators but 
has "tremendous faith in the good ‘horse sense’ of teachers" and their 
ability to choose those most qualified to evaluate (Elliot, 1974, p. 727). 
Elliot further suggests a plan for implementing evaluation by peers 


(1974, p. 727): 


Teachers within the school should submit a list of names to 
the principal from which to choose a team of evaluators. The 
responsibility of this committee is not only to evaluate 
teachers, but administrators as well. 
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It seems feasible that through daily informal discussions 
Pore eaes teaching companions and the interaction of different teachers 
with each others' students a considerable amount of mutual personal 
information will be obtained. The degree to which Elliot's opinions 
regarding the teacher's peer group as a reliable and valid source for 
describing their companion's teaching-learning situation are accurate 
will be partially investigated in the present study. One source of 


information on each science learning situation is a teacher's peer. 


Teacher Evaluation of the Learning Situation 

McNeil and Popham (1973, pp. 231--232) report on teacher self- 
ratings and related studies. Major problems involved in utilizing 
teachers to evaluate themselves are centered on the lack of training in 
focusing on relevant aspects of their work. Also, they need others "to 
keep them honest" (McNeil and Popham, 1973, p. 232). 

The writer does not endorse self-rating schemes since they do 
not take into consideration individual aspirations. In education, one 
group of teachers in trying to attain perfection may underrate them- 
selves, and others, lacking a desirable model of instruction, may be very 
satisfied with their performance and hence overrate themselves. 

Results of the present study will provide the teachers with a 
self-rating instrument and a tested model against which to compare 


themselves. 


Student Evaluation of the Learning Situation 
Somewhat in apparent contradiction to Elliot's views appears 


to be an approach which is increasingly supported over other descriptive 
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methods such as that involving an external evaluator. Walberg utilized 
student perception of the learning environment successfully in the series 
of studies described in the following section. This orientation is 
based on the premise that the stimulus from the teacher affects learning 
only to the extent that it registers with the learner. Considerable 
research (Elam, 1974a; Purchit et al, 1970; Thompson, 1965; Costin and 
Menges, 1971; Walberg and Anderson, 1968) supports this view. Elam 
(1974, p. 23) reports that "the best source of information about the 
public school in their communities is the students themselves". This 
information comes from the 1973 Gallup poll of public attitudes toward 
the public schools and was compiled and summarized from a five year 
(1969-73) survey by George Gallup. Two important ideas for the present 
study are intimated in the survey: 1) the idea of the student as an 
important source of information and, 2) the necessity of instruments to 
obtain information from students, particularly in the area of attitudes. 

Thompson (1974, pp. 25-27) considers criteria used by students 
in rating their instructors and the stability of these criteria and 
ratings. Major studies (Purchit, 1970, p. 3) support the use of 
students to obtain consistent ratings of instructors. In fact, "A 
teacher well rated five years ago will likely receive the same rating 
from students this year" (Thompson, 1974, p. 26). 

With respect to specific criteria one of the reviewed studies 
showed student ratings of instructors were not significantly related to 
individual factors such as sex, year in school, grade point average, 
expected course grade, hours spent in studying and absenteeism (Thompson, 


T974,"\p. el). in this ‘study (Ragder, 1970); the statistical analysis was 
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based on data collected on 87 instructors from questionnaires filled in 
by 4285 students. Each student filled in a questionnaire rating his 
instructor on three continua of characteristics (Raygder, 1970740. D) 
ssenees reviewed additional studies (1974, p. 26) and similarly found 
no relationships between the above stated student variables and ratings 
of their instructors. 

The lack of significant correlations between the personal 
student characteristics which could create biases and ratings of their 
instructors plus the stability of their ratings are indicative of the 
validity (content, predictive and concurrent) of their ratings. 

Costin and Menges (1971) in a study similar to those reviewed 
by Thompson develop support for aspects of reliability, validity and 
usefulness of student ratings. Students were polled on characteristics 
they would use to describe good teachers; the traits they selected in 
their descriptions were used to ascertain the validity (content, 
construct) of their judgements. Costin and Menges (1971, p. 534) 
indicate the results of their study supports the validity of utilization 
of students for judging teachers. In support of this statement are four 
of the characteristics most frequently mentioned by students to identify 
good teachers: 1) knowledge of subject matter, 2) well planned and 
organized lectures, 3) enthusiastic and lively, and 4) student-oriented, 
friendly and willing to help. Costin and Menges (1971, p. 535) maintain 
student acceptance of these characteristics are positive indicators of 
validity, and that this validity (concurrent) is further increased as a 


result of the students rejecting the following as criteria for effective 


45 Utivilew att estas Ghicte steht Fo 28 tween” odd 


; A 
Jocmagsie eid Aodtoache sx) 226 cued. tea oe 


NOL etodounedt Vane Sats Lie —— te 
Jeaup 6 ch ROULEY tiebolte doee soeehare 

2" Liaitasossens to aunlanes Set ate . 
io Fae BNO LD) Sachuis ure aororbhs veins 


fopitea @oajets 5 oat “er are ony hi 


2 


Ls 


2 Sota sth eh 


pyran 
evden Vs cs 4 lay i (SoLVLwe ks - *c noes ont 


> had 


re we . 
saesid Steein Hl uc apes nism . 


‘Sh ByVNivhs ye i aia 6 Crass 2 ar3 ew lg: 


ean le 


ay Ldnsulbaos bas Spee Bene, cee LOLLE 
| aS 

opye 5 nit QIN Ly Agee or ved a a 
sdtiiss > 2ipaqan Sets sod ue ee 4 
bSlhoysnow’ sinsbwee, *). Se Eat ia tos 
awl axt as\3 yaterioaad 4408 wit rbi86 oe! gay 
bile att Hiss Ate os Deut! asew sian 


Bay UnoM Drs ot 4207) Ree soe ta 14 


* 


‘ 
ret at Berta Soe TC LMSuetT Sach Pee aekravasada'| 


{¢ = Wok 3 oo" G0a° 465 308 IMona i (i <8 


‘ 


qhedilam eke og Eves 


‘5 
SBepNs8 as ors col “A tat ‘oa tot ia bas ¥ 


AO V2mjeywiol syistaoq aie eatye=tisdonxratis sagdy Ae ohasquess 3 ate: 


GiBe Barre ion’ Seilivs |) Vinewivstos) gi 8: cow wee See Dek “y past 


‘ e iV 
S¥iS024y. 102 SITS 5' eb Wh iWOELot sit eatiostes 24nabure Pe ieeer 
ey _ ‘ , ate 


© 


ee ., 


43 


teaching: 1) entertainment, 2) student's gain in knowledge and 3) 
achievement. 

Walberg (1969, p. 444) rejects many "behavioral scales and 
observation schedules" used for describing different classroom situations 
for the following reasons: 1) the problem of training staff sufficiently 
to produce objective, reliable results; 2) travel costs to scattered 
locations throughout the country; 3) the unnatural, sometimes threatening 
nature of a strange observer in the classroom; and 4) the predictive: 
validity of the measures. With respect to validity of the measures 
Walberg points out that "few studies have reported significant predic- 
tions of learning from them (Medley and Mitzel, 1963), and these few 
have failed to account for substantial variance, say 20% in the learning 
criteria (1969, p. 444)". 

In the present study the students are considered as a major 
source of information about their science learning situation. The stu- 
dent is the only one who can tell what he desires and what he perceives 


is actually happening. 


Problems Associated With Observing The Learning Situation 

Rosenshine and Furst (1973, pp. 122-183) discuss the use of 
direct observation to study teaching. They describe the research on 
teaching in natural settings as chaotic and unorganized (1973, p. 122) 
with major problems in all associated areas such as distinguishing 
instrumentation type, differences in format, differences in purposes, 
functional value of instruments and not enough reviews of relevant 


research. One of the major problems associated with classifying an 
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observational instrument is in knowing the uses to which the instrument 
has been put (Rosenshine and Furst, 1973, p. 159). It is further 
suggested that variables used on instruments be derived from experimen- 
tation rather than inspiration (Rosenshine and Furst, 1973, p. 166). 

An important aspect of "reliability" which is hard to define with respect 
to teacher observation instruments is the different frames of reference 
of different publics using a given instrument (Rosenshine and Furst, 
1973, p. 168). Rosenshine and Furst (1973, p. 175) suggest that "study- 
ing teaching in natural settings is unproductive because the settings 
are not functional for the desired outcomes". 

The present study takes the major problems raised by Rosenshine 
and Furst into consideration in developing the Science Learning Situation 
Inventory (SLSI): a detailed base for the instrument is described, the 
function and purposes are given, the instrument is designed for a 
natural setting in teaching mode characteristics used and in method of 
application. The variables utilized result from a major pilot study, 
namely experimentation, and a comparison of its use by various raters is 


part of the experimental design. 


Summary 


On the basis of the literature cited, it seems that two groups, 
the students, and the teacher's peer group may have aspects of reliabil- 
ity and validity as sources for describing science learning situations. 
These two groups as well as teacher self-evaluation will be utilized 


and compared in the present study. 
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45 
Relationships Between Teaching Mode Characteristics 
And Student Attributes 


The major thrust of this study is to relate a set of teaching 
mode characteristics (TMC) to student attributes in the cognitive and 
affective domains. The assumption is made that these teaching mode 
characteristics are not just correlated with student attributes but are 
in fact in a cause and effect relationship with them, with these attri- 
butes being dependent variables. Several recent articles focus on this 
relationship. 

A study reported by Emmer et al (1974, pp. 700-704) indicates 
that pupil participation in a teacher's lesson affects subsequent pre- 
ference by that teacher for expository or discovery teaching styles. 
Teachers will use the type of instruction that they find elicits the 
most student participation. Exactly what some of the characteristics of 
the teaching styles are and the results of students on given instruments 
are left to be identified. Emmer's study suggests (1974, pp. 702-704) 
an aspect relevant to the present study which needs investigation: do 
changes in teacher style result in changes in pupil behavior? 

In an assessment of teacher influence on students' basic values 
and behavior at various grade levels, Harrison and Westerman (1973, p. 
228) report that 74.3% of the junior high school students are signifi- 
cantly influenced by their teachers. In what areas they are influenced 
is a major question and exactly what influences them is a further item 
of concern. However, the relatively high percentage of students repor- 


ting they are being influenced also report that teachers are rated as 
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only at the 4.4 percent level with respect to groups with the greatest 
impact on their basic values and behaviors; this makes the identification 
of those factors causing the influence very significant. Also, when 
junior high school and senior high school students are compared, the 
junior high school students report a much greater degree of influence 
by teachers (Harrison and Westerman, 1973, p. 228). Hence, it appears 
desirable to test junior high school students to ascertain factors that 
do influence them. In addition, "consistent and sizeable decline in 

the negative influence of teachers from the junior high to the univer- 
sity level" was reported by Harrison and Westerman (1973, p. 230). Thus 
a greater opportunity may exist for identifying characteristics causing 
teaching influence in groups of junior high students. Another relevant 
point made (Harrison and Westerman, 1973, p. 230) is that most students 
never told their teacher that they were influenced by them. That is, 
the needed feedback as indicated in Emmer's studies (1974, pp. 700-704) 
is frequently absent. Instruments to obtain this feedback appear desir- 
able and should result from the present study. 

Attempting to predict or differentiate student attributes or 
characteristics as a result of their descriptions of the learning 
situation is the basis of a series of studies evaluating, in part, 
Harvard Projects Physics (Walberg and Ahlgren, 1970; Walberg, 1970; 
Walberg, 1969a, b; Walberg and Anderson, 1968; Walberg and Welch, 1967). 
The theoretical framework for this series of articles comes from the 
Getzels-Thelen theory of the classroom as a social system (Getzels and 


Thelen, 1960). 
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In this series of studies Walberg, Ahlgren, Anderson and Welch 
showed that "measures of student perception of classroom environment 
obtained at midyear predict gains in cognitive, affective, and beha- 
vioral learning criteria during the school year" (Walberg, 1970, p. 153). 
These predictions remained when the effect of such covariants as I.Q., 
initial differences in achievement and interest in the subject were 
removed from the student characteristics measurements. 

To identify student characteristics, Walberg (1969b) administered 
a battery of tests measuring cognitive, affective and behavioral attri- 
butes. Among these criterion measures were the Physics Achievement Test, 
the Welch Science Process Inventory, the Pupil Activity Inventory and 
Test On Understanding Science. The objective was to inter-correlate the 
student characteristics of classes (Walberg and Ahlgren, 1970). The 
respondent was asked to indicate on a 4-point agree-disagree scale how 
well each statement describes his class. Items were of the type, "The 
students enjoy their class work." and, "Each student knows the goals of 
this course." (Walberg, 1969b, p. 444). Sets of seven similar item 
responses were averaged to give 14 separate scores. To estimate the 
environment for a class the scores of individual students within the 
class were averaged (Walberg and Ahlgren, 1970, p. 154). 

In an initial study (Walberg and Anderson, 1968) 76 classes 
throughout the United States were used; in a subsequent study 75 teachers 
and 144 classes were used (Walberg, 1969b; Walberg and Ahlgren, 1970). 
The data were collected using a randomized data-collection system which 
resulted in about 85 out of 1700 students writing any given combination 


of pre, mid, and post-tests. Gain scores were calculated from each of 
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the criterial variables which were then correlated with each of the 
measures Of classroom climate. 

The results indicated 32 statistically significant correlations 
(p< 0.05) between measured perceptions of classroom climate and the ad- 
justed learning variables. This amounts to four times the change expec- 
tancy (Walberg and Anderson, 1969, p. 416). Walberg (1969b, p. 445) 
found that he could predict all post-tests using the environment scales. 
Thus by putting together those environment characteristic scores which 
correlated significantly with post-test scores Walberg developed scales 
of predictors and criterion variables. 

The outcomes of Walberg's studies, in particular, parallel and 
augment this study in their attempts to describe the classroom or teach- 
ing mode characteristics associated with student growth in both the 
affective and the cognitive domains. One additional feature of this 
study will be an attempt to investigate the individual within the class- 
room instead of the classroom itself. This additional research, as well 
as research at different grade levels is recommended by Walberg and 
Ahlgren, (Walberg, 1969b, p. 448; Walberg and Ahlgren, 1970, p. 166). 
Also, the statistics of the above described series of investigations make 
it probable and much instrumentation from these studies is usable to 
provide an individual teacher with pertinent information about his 
classroom situation. Most instruments utilized in the present study 


should be of value to the classroom teacher. 
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Matching Students and Learning Situations 


Comparing the teacher and student with respect to their learning 
situations is representative of many projects and theories in education. 
The basic tenet is that the prime consideration for the teacher is to 
structure the learning situation to best match that desired by the 
student and that actually experienced by the student. In science this 
might be facilitated by providing different levels of inquiry-oriented- 
ness. 

In addition to the discrepancy studies by Cheong and DeVault dis- 
cussed in Chapter I, Hunt's conceptual level matching model is concerned 
with the matching of learning styles (or information processing styles 
of the student) and teaching methods (or information processing styles 
of the teachers). Hunt (1974, p. 264) states: 

Students differ in how they learn, or in their learning 

styles. For example, some learn better by listening to the 
teacher, some by discussions, and others by working on their 
own. To say that students differ in their learning styles 
does not mean that a student needs only one approach (exclu- 
sively), but that, generally speaking, he has one way of 
learning which for him is better than others. 

Hunt identifies a wide variety of teaching methods (e.g. lec- 
tures, discussion, discovery) and suggests that grouping students by 
learning styles would enable teachers to use the teaching method most 
likely to work for the majority of students in the class. Thus the 
important variable used in student classification is the "way they learn" 
and grouping by these learning styles is a procedure which can be used 


to maximize the likelihood that teachers will meet the needs of the 


students (Hunt, 1974, p. 264). 
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Key characteristics have been associated with the different types 
of learning styles and matching environments. Hunt (1974) describes 
learning styles in terms of conceptual level (CL) which ranges from very 
low to low, to high. Although a person's development through the con- 
ceptual levels is viewed as continuous, Hunt states the process can best 
be described in stages: (A) immature, unsocialized, (B) dependent, con- 
forming and (C) independent, self-reliant (Hunt, 1974, pp. 208-209). "A 
person's conceptual level also indicates his capacity to process infor- 
mation effectively" (Hunt, 1974, p. 212). Hunt lists the characteristics 
of environmental structure (1974, pp. 213-214). This environment change 
from high to low structure is exemplified by Hunt as a change from 
teacher-centered to student-centered. "A person and his environment are 
developmentally matched if the combination produces progression" (Hunt, 
ITA, Dp. "2TO)% 

Hunt cites experimental evidence for his conceptual level match- 
ing model (1974, pp. 219-221), the main study consisting of taking an 
equal number of "low and high CL students, matched on ability", (1974, 
bp. 218) and assigning them to each of two instructional methods; dis- 
covery (low structure) and lecture (high structure). The numbers of 
students and the age level are not reported. 

The content of the presentation consisted of a specially designed 
set of visual materials aimed at acquainting the student with the Picasso 
Painting "Guernica". Students in both conditions were shown the same 
pictorial materials: a slide containing the entire picture and a series 
of component parts of the picture on separate slides. Students in the 


lecture method heard a short explanation of the meaning of each component 
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slide, while students in the discovery method viewed each slide for a 
comparable length of time but were instructed to work out for themselves 
what the picture meant. Afterward, students were asked to give their 
own ideas of the central meaning of the picture and of how the parts 
fitted together into this meaning (subjective integration). 

"Results indicated that the low CL students performed signifi- 
cantly better (p< 0.05) with high structure (lecture) than with low 
Seructure (discovery)" (Hunt, 1974, p. 218). High CL students, although 
they prefer low structure may perform equally as well in other learning 
situations. 

Hunt emphasizes that the matching model does not specify how 
to implement person-environment matching but only "specifies the nature 
of the match" (1974, p. 222). The present study will attempt to get at 
some of the critical variables in matching by first identifying the TMC 
associated with different learning situations and subsequently the stud- 
ent attributes resulting from matching or not matching students with 


their desired learning situations. 
The Matching Model and Inquiry-Oriented Instruction 


Using Hunt's matching model (1974, p. 221-222) “student-centered" 
or "discovery learning" are characteristics given for a low structure 
environment which is meant to be matched with a high student conceptual 
level. For purposes of the present study high inquiry-orientedness is 
similar to Hunt's low structure environment. However, one classroom 
need not be considered synonymous with one mode of structure. For 


example, considering one major aspect of inquiry, the process-skills, 
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(Nay and Associates, 1971, pp. 197-201), it is maintained that a heter- 
ogeneous classroom may be matched by a heterogeneous teaching style 
wherein one teacher can react discriminantly to individual students. 
That is, one teacher, using several instructional modes and strategies 
should be able to adapt to the degree of structure desired by a given 
student. 

Again, specifically considering utilization of the process 
Skills (Appendix B), in a particular lesson the gamut is spanned from 
providing the particular process for the student to follow to having him 
actually identify and perform the indicated operations himself. This 
continuum exists for each of the processes relevant to the given lesson. 
Also, a variety of instructional procedures can be used in presenting the 
processes ranging from lecture to movie to guessing. The teacher can 
provide or withhold information on a given process to create the amount of 
structure he deems desirable for each student, not necessarily a whole 
class. In essence then, the amount of structure placed on the situation 
is influenced by the degree to which the teacher provides the student 
with information on the processes, that is, the amount of guidance given. 

Even when the class is heterogeneous so far as cognitive style 
is concerned, a particular lesson can be structured so each student has 
available optional amounts of materials or input devices with respect to 
a given process. For example, one student may desire the freedom to 
design his own experiment whereas another may want to choose from several 
Provided and still another may wish to be given a specific set of in- 
structions to follow. Similarly, one student may wish to read about and 


see samples of actual data which has been collected while another might 
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wish to watch a movie on scientists gathering information relevant to his 
problem and still a third may want to collect his own. Several degrees 
of structure are open to the teacher and the learner. 

Thus a teacher utilizing process skills within a wide variety 
of strategies should be able to structure a given environment in the 
modes indicated by Hunt to suit even a heterogeneous class. This pro- 
cess approach is unique in the aspect in that it can simultaneously 
cater to the range of students from very low conceptual level to high 
conceptual level. In the present study the degree to which students 
experience utilization of the science process skills is one of the indi- 
cators of inquiry-orientedness. Biggs comments on the complexities 
involved in adjusting for cognitive style as follows (1972, pp. 97-98). 


When we consider cognitive styles, then, we are forced to 
reconsider our notions of "ability". Ability no longer comes 
out as a single unitary trait that can be measured quantita- 
tively. We think rather of a multiple complex of styles and 
aptitudes that interact with each other in different ways 
according to the immediate task and how it is presented. We 
cease thinking in terms of the "one best method" of teaching 
a given subject. We may begin looking around for different 
methods of evaluation. Most importantly, we begin to think 
of Johnny not as a plodder (with a low IQ) but as a com- 
plexly determined individual whose particular mix of infor- 
mation processing styles doesn't happen to suit the tasks 
we have been putting in front of him so far. 


By breaking down thinking and learning into stages, from 
precoding to retrieval and output, the teacher might begin 
to get some clues as to the difficulties Johnny is having in 
- handling the task at different stages of his processing cycle. 
At the present stage of our knowledge, this kind of person- 
job analysis will be intuitive rather than exact, and perhaps 
better suited to informal than to formal adaptations of 
individual differences. However, with more research into 
these interactions, and more accurate measures of the pro- 
cessing stages, perhaps education will move towards the 
highly individualized process that many educators believe it 
should be. 
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Individualizing instruction, aiding the student in becoming more 
self-sufficient and yet creating optimal conditions for a given student 
for a given learning objective demands detailed environment control. 
Interdependent training (Shroder et al, 1967, p. 49) refers to providing 
the learner with an environment that can provide information as feedback 
as a consequence of his own questions and is illustrated by considering 
a teacher introducing the topic of density and specific gravity to a 
class. The topic might be introduced by showing a class that two objects 
which are of identical size may, when placed on an equal arm balance prove 
to be very different in weight. Similarly two objects of different sizes 
can be shown to have identical weights. From this series of observations 
the subsequent learning environments may be structured in more or less 
detail to suit students of varying conceptual level complexity. For 
instance, one student may wish to proceed to design and carry out inves- 
tigations in an attempt to identify the important properties of matter 
associated with the observed phenomenon. A knowledge of the processes 
and their use will allow him to do this as they constitute a strategy of 
problem solving. This would be a very unstructured situation in Hunt's 
terms. 

A complete range of other attacks on the problem, all based on 
a knowledge of the processes can be made available to the students. For 
example, at the other end of the cognitive style continuum a student 
might desire to be provided with detailed information on each of the 
processes and hence be led through a series of simple investigations in 
a highly structured manner. 


The model of different conceptual levels also provides a warning 
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for a rather common practice of providing all students with the same 

structure in all process-oriented investigations such as "unipacs" or 
other similar instructional materials. A discussion of variables and 
problems associated with individualized instruction packages is con- 

tained in a colloquium on that topic by Roberts (1971). 

Allowing students to attack a given problem in a manner of their 
choice frees the teacher for considerable one-to-one interaction and 
excessive guidance where and with whom it is required. This freedom is 
one redeeming feature of the above mentioned "unipac" approach in that 
different structure might be provided by extensive teacher-student inter- 
action in some cases. By basing the environmental structure on the 
degree to which information is given on the processes it is hypothesized 
that the science teacher can create a situation inherently adaptable to 
the many cognitive styles found in most classes. That is, matching 
students and science learning situations may not necessarily mean 
matching students with different teachers but with teachers that can 
identify and cater to an individual student's desire for a particular 
science learning situation. 

The design of the present study takes into consideration the 
individual student within the classroom and thus the idea of teacher 


flexibility to deal with a heterogeneous group can be ascertained. 
Affective Domain 


The affective domain encompasses many aspects including attitudes 
which are desirable both with respect to school and to science, atti- 


tudes actually held with respect to school and science, attitudes 
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scientists have and attitudes a scientist should have. Some work has 
been done on models for assessment in the affective domain but research 
on attitude development is limited. 

Klopfer (1971) has identified at least six attitude interest- 
based objectives for science education. These are: manifestation of 
favorable attitudes toward science and scientists, acceptance of 
scientific,.inquiry as a,way of thought, adoption of "scientific 
attitudes", enjoyment of science learning experiences, development of 
interests in science and science related activities and development of 
interest in pursuing a career in science. 

Nay and Crocker (1970, pp. 61-62) have developed an inventory 
of 65 affective attributes which scientists are generally expected to 
demonstrate in their work. In a procedure similar to developing the 
process inventory (Nay and Associates, 1970), Nay and Crocker (1970) 
began by identifying affective attributes exhibited by scientists in 
their professional activities. Following this each affective attribute 
was characterized or defined in terms of the specific behaviors mani- 
fested by scientists in their work and in relationships with their peers. 
They identify five major areas, each with several subheadings. The 
five main areas are: Interest, Operational Adjustments, Attitudes or 
Intellectual Adjustments, Appreciations and Values and/or Beliefs. 
Furthermore, they provided a method of dealing with the affective domain 
in science teaching by deriving behavioral objectives from a determin- 
ation of the affective behavior of scientists at work. Kozlow (1973, 
p. 6) extended the model by defining three dimensions of affective 


behavior: cognitive (knowledge), intent and action. The cognitive 
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dimension represents the students understanding of the role of the 
affective attributes in the professional activities of scientists. The 
intent dimension gee #2 the affective behavior a student claims he or 
she will exhibit in a specified science situation. The action dimension 
refers to the actual affective behavior displayed by a student in a 
specified situation. 

Kozlow and Nay (Kozlow, 1973; Kozlow and Nay, 1976) used the 
inventory of Nay and Crocker (1970) and its further development by 
Kozlow (1973) as a basis for constructing a multiple-choice Test on 
Scientific Attitude in which the cognitive and intent dimensions of 
several attitudinal behaviors of students were measured (Kozlow and Nay, 
1976). This test was used in a study to assess the congruence of the 
Classification of the test items into attitude categories on the basis 
of the rationale developed by Nay, Crocker and Kozlow with the classifi- 
cation that was derived from a factor analysis of test results. A high 
ie congruence was achieved, despite weaknesses in the test which 
became evident in due course. Relevant statistical data gathered in 
this study will be presented in Chapter III. 

These developmental procedures used by Nay, Crocker and Kozlow 
illustrate a technique for considering the much neglected affective 
domain, a domain of prime importance in the present study. 

In addition, Kozlow and Nay (1976, p. 151) summarize the dimen- 
sion of test format basic to their test development and to the present 
study. 

Starting with the work of Thurstone, several modes or stra- 


tegies have been developed for measuring attitudes. The major 
ones are the Thurstone scales [Thurstone, 1967a, 1967b; 
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Torgerson, 1958, pp. 18-20], Likert scales [Likert, 1967, p. 
21], and semantic differential [Osgood, 1957, p. 22]. Other 
methods used in attitude measurement are questionnaires, 
interview schedules, sentence completion, picture-interpre- 
tation, word association, and error-choice [Oppenheim, 1956; 
Shaw and Wright, 1967, pp. 23-24]. Each of the above methods 
has drawbacks and limitations. The Thurstone scales are very 
appealing to use in measuring attitudes, since Thurstone 
developed a sound theoretical and mathematical foundation to 
support the analytical procedures which are used in the 
calculation of the scale values. However, in the construc- 
tion of his scale, Thurstone assumed a unidimensional attitude 
object. Therefore, a large number of scales would be re- 
quired to identify all of the dimensions of the affective 
domain in science education. Since a considerable amount of 
work is required on the part of the respondents who provide 
the data from which the scale is to be determined, the con- 
struction of a large number of scales may not be a practical 
undertaking. A major weakness with both the Likert scales 
and semantic differential is the possibility of response bias 
on the part of the respondents, such as a tendency to choose 
extremes [Cronbach, 1946; Cronbach, 1950, pp. 25-26]. In 
addition, the semantic differential technique was deemed 
inappropriate for the present study because the information 
obtained is not directly related to the situation in a science 
classroom. 


The multiple-choice item, most frequently using a Likert scale, was used 
for data collection not only on Kozlow and Nay's test, but on all 
instruments used in the present study. This format caters to two 
specific needs of the present study: objective and efficient scoring of 
large amounts of data. 

In addition to affective attributes in the realm of science, 
another major area of attitudes is the set the student holds towards his 
school and towards science. It is important to recognize that affective 
learning is present in all classroom situations regardless of the 
teacher's conscious intentions. "Students continually form opinions 
about the value of the course, decide whether they enjoy their science 
study, and judge the importance of the subject in their lives" (Heikkinen, 


1973, p. 2). "Everyone who learns something has some feeling about it 
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--. no matter what we do, affective learning goes on anyway" (Kelly, 
De e255) . 

Heikkinen (1973) used an experimental design very similar to 
that used in this study, however, his independent or manipulated vari- 
ables were courses: Interdisciplinary Approaches to Chemistry (IAC) and 
non-IAC. Sex was also tested as a main effect variable. As in this 
study, Heikkinen used a five point Likert-type scale to measure student — 
attitudes. His instrument contained 20 statements and was entitled 
Student Opinion Survey in Chemistry (SOSC). 

Students were compared between the two courses and sex by means 
of two-way analysis of covariance procedures. The dependent or res- 
ponding variable was SOSC. ‘In addition SOSC was tested against TOUS, 
expected chemistry grades and the desire to take another chemistry 
course. I. Q. scores were also used in an attempt to predict SOSC scores 
using step-wise regression techniques as were several other variables 
including pretest SOSC scores, TOUS scores, course grade, enjoyment of 
past science courses and perceived need for chemistry. 

Some of the findings: no discernible due to type of high school 
chemistry course; female attitudes towards chemistry were lower than 
male attitudes at the start of the year; female performance on TOUS was 
higher than males; striking decline in favorability toward studying 
chemistry during the school year for all sub-groups. From about half 
to two-thirds of the end of the course variance in student SOSC attitude 
scores could be accounted for by the previously mentioned variables. 

Heikkinen (1973, p. 9) suggests that the influence of teacher 


characteristics and behavior in the classroom deserves investigation. 
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He further suggests that since different teachers bring science programs 
to life in different ways the "interaction of teacher variables with 
course materials and student characteristics probably holds promise for 
accounting for much of the variance remaining unexplained in final 
student attitudes" in his study. In fact, he suggests teacher variables 
"probably influence student interest and attitude even more critically 
than they affect measured gains of knowledge or skills evaluations" 
(Heikkinen, 1973, p. 9). 

Two areas of attitude assessment appear: 1) attitudes to do 
with the affective attributes of scientists, and 2) attitudes towards 
school resulting from teacher-learning variables. Nay and Crocker 
provide a model for the first area and Kozlow and Nay constructed a 
measuring instrument. Heikkinen ran a study emphasizing a methodology 
for the second area and emphasizes the need for testing the significance of 
the teacher as a predictor variable and the need for more non-cognitive 


measuring instruments; both are objectives of this study. 


Cognitive Domain 


The cognitive domain "includes those objectives which deal with 
the recall or recognition of knowledge and the development of intellectual 
abilities and skills (Bloom, 1956, p. 7)". In science education the 
cognitive domain is characterized by major conceptual schemes around 
which the curriculum is usually planned. As such, a conceptual scheme 
represents an "area in science that has become firmly established in the 


scientific community" (Novak, 1964, p. 11). Different levels of under- 


oo 


ontid 2xatedet? shes FILS, niin tates seta 


ty 


Sshexooud soneige 


se, ‘RokIpStests” Pin ao | 


a Leis edoay 2 227. 1675 sales sobs, isos 


eer at HeAteia cost ort c Gta t Sorte Li4sy is) aca 


cJiw ask BLAeV Gn 36%) 


a Se 
> Seti 2). oe 


i 
eet Inco} Acoapodered ,apet us | aS eee 
% 2 , = = nd . nal 7 
® Om na hotittw Sas casted 2n6Gte, same 


a & 
annmcseuinvs Biliae 5 abal woth “Is tay Ley SRM 
+ 
AG 4g Re 
ob oo eanasriga (i reoucs aneqtecseus oi9 am Ae Smee 
ofrewund eomsegsa (Af Bie ~asetineics. ro -saiaillanoaall 
nofoot bare csv colder tey, te xps.! sabe) en a 


é batouyteon Mave RAs. WOLSOR brs, sa74 serhich ets. on 


+h 


yovolohaisen us piste stiame phism BPs Suh GASH, bs 
| 7) ee 


Lo aotsottincts odd \witeadde te Dean ase ebrhd Aging! bs ae 
Syidiasno=n6n eso 10% bem ers bas plane soompi 


whude eid? Se pLiatekiee sd ded | 


Mi sac SvLxEnEed Dre i. 


‘idiw ieab doktiw sevidnetdo oaods sete taak? chaneb ea eepeo e 


i r ae 


7 
{SutoSslioini Lo snSémeleveb ond Dis ephe mvc Son eve 
: i. 


| 7 | 


‘ati cotjsusbe sonelsa nt a a 2FS wombat, 
: . Pras 


r 


baboss, Banediee wsisgiabe ee, Pa nos voc 

/,  sttedor Leudgepites, it suite en soci Sad me 
ati nk bade theta uisreka, meee nett ve 

+tebni Aes rere, 2 uererat: Jat “4 aes oe 


i bag y em | ive 


6l 


standing and study are possible for each conceptual scheme (Bloom, 
PoO6 pt Po il 8):< 

A science mark as given by a student's teacher is used to indicate 
the student's mastery of the system of facts, principles and concepts 
underlying each conceptual scheme. This mark represents what is commonly 
thought of as the cognitive domain. However, in attempting to measure 
the effects of teaching mode characteristics on student attributes in 
the cognitive and affective domains the distinction between the two 
becomes hazy. For example, students can also have knowledge of attitudes, 
processes and psychomotor skills. TOSA, the test developed by Kozlow and 
Nay (1975) includes a cognitive component or subtest measuring student's 
knowledge of what attitudes a scientist should exhibit in a given 
situation. 

The present study should help identify which instruments are 
actually measuring different domains by considering the correlations. 
It is expected that very low correlations will exist between tests 
representative of the cognitive domain and tests representative of the 


affective domain. 


Curriculum as an Indicator of Student Attributes 


Many studies have been instigated by new courses or curricula 
being developed in the past two decades. Support for this type of study 
has two major motivating agencies: 1) the desire by educators to have a 
nice curriculum package yielding predictable results and 2) a publisher's 


or author's desire to show the superiority of his product. If the 


ie a téuadeonos duse 10% stekeey,. awe ino 


ROOMS). GatsEooe 


am | 


\ eimoLsds O59 jegts 2. apes 4’ soobute & pd sere ae Xin 


_ 
) S Selgromiia «aioe 26 doce sil 3 esta x” 


SIMS TMAS DAS 


M. 5 A a 
ve _ " Ary P 
») ¥ . excwamis* o ‘ + gals) ”~ y te Bo a0% P| 4 an. 2) «\ " oe ea Soe ‘ oi qr 4 ¢ 


ad = 7 + > 
P ' , #25 ¥ p 
[> : _AShtpe Bot ey ort ‘a Segmesd $< FY y TAyaws ye ie) a) 34 ? LAPD ons a %. 


| Qt nesdeitb38 jhobush fo eurter te owttad short priigosed to 


} | 4 
wad afd oAevwrad nO raiser aid ecieneh avi THATS PAs oF 


aye + ‘e 1 aaet — Ts. ae. ’ - $00 <> é - ‘t 
" ~—2SDOILITE TO. apo Ceo” evexk ov ia 1 suoouad a aiake-s | 


¥ t , 4 rn» 1» a Ar eo Vt eat - a + 
Raa MOLeoN GA Haqeisveh sees ais. Wars 2 Vi ive sya Daun BEL 


z, a'gua8INe Tet Uafem IestGLe TO‘ sadcomer ovithwco * 2honLone 


i" = 

| Aero. 810s Sibes> Birodye J jSnstor & aedboeriiie Seady. 
t a 
7 : t Sela 


Py ote sSuecuss eat toidy @icewhs Gied Biyjene phase snow 8 


. J2ROUTREST5O9 OS bAXtels Mio wd ‘Sa Asien Sian otk 
7 | atean gpewies Sa2lxs iliw soeltelaraa,. eof WIev ‘iat 
eas to avlicsiaezemiol *!lAet Die Ghenob avx4 endow a XS 


et a 
i : 


esau tad Hie 20 iskeoten He, ee sy RD 


i, : : ; / 
“ShRGISiNS 20 GeETUCS wen Us ah) sae HA GAeE - 


Bi 7 


A, “ewe Xo ect? nis 10% aoetne -2obposs owe, Seq he a a 
; ™ 
any +d 


- 7 
a By 
4 “ ee 


ae sella iretiia, ud apes ons rs EQ SONS QE 


Pr 
ios thn ANA, x Sldetoibext wait hates.) 


‘ 4 fi 
i dau tam } 


7 


62 


curriculum utilized by a teacher has a significant effect on his student's 
behaviors this variable should be controlled in studies of the present 
type. BALE and Butts (see Figure 1) approached the design of their study 
by using science processes or strategies of inquiry as predictors for 
student changes in cognitive and affective behavior (Raun and Butts, 
1967-68, pp. 261-269). They randomly selected 95 students from grades 
four, five and six in a single school in Texas and gave them pre and 
post tests in cognitive and affective areas. The intervening treatment 
consisted of five months of curriculum emphasizing selected strategies or 
processes of science. "The relationships between the criterion variable 
of behavior and the selected strategies of inquiry were tested by 
multiple linear regression" (Raun and Butts, 1967-68, p. 264). Perfor- 
mance in some of the processes correlated Wen some of the behaviors. 
However, on the basis of the definitions in this study only two of the 
four processes tested would be classified as processes: classification 
and Bee oi 2is4) It is felt that using "number skills" and "space-time 
relations" more aptly qualify as behaviors in terms of the Raun and Butts 
study. Significant correlations were found between proficiency in the 
two stated processes and I.Q. and attitude to potency of science. 
Attitudes toward scientists, science recall and science problem solving 
were not significantly correlated with the two processes observation and 
Classification (p> 0.05) (Raun and Butts, 1967-68, pp. 265-266). 

It is suggested that not separating the curriculum from the 
teacher variable is significant in the resulting low identification of 
relationships between what occurs in the classroom and student achieve- 


ments. 
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Montague and Ward (1967-68) studied the effectiveness of 
chemistry laboratory experiences involving investigative type experiences 
as compared with conventional type laboratory éxperiences. The control 
and experimental groups consisted of two classes. The control group per- 
formed laboratory investigations according to a "Chemistry workbook by 
Dull" (sic) while the experimental group performed a series of open-ended 
experiments. The same instructor taught both groups. On testing the 
two groups, Montague and Ward found no significant differences in 
critical thinking ability, problem solving ability, or understanding of 
science. They did, however, find that students having the investigative 
type experiences had a better understanding of principles of chemistry. 

This study controls for teacher effects, which may be the most 
important variable, but uses an extremely small sample of two. The 
present study takes another, potentially important, variable into con- 
sideration: the desire of the student for a particular treatment or 
learning situation. 

Hedley (1966) used a larger sample in comparing existing and 
experimental science programs in Manitoba Secondary Schools with respect 
to pupil achievement and attitudes. Twenty schools were selected and 458 
grade ten students taking a general science course were compared with 
another group a 414 grade ten students, selected by random numbers 
from the same school, 349 of whom were taking a traditional science 
course and 65 of whom were in a Physical Science Study Committee 
(PSSC) Physics-Chemical Materials Study (CHEM) Chemistry program. The 
three groups were compared by analysis of variance on eight variables 


Obtained from TOUS and SATS and representing student understanding of 
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science and attitudes toward science. In addition, he collected student 
I. Q. scores and gave a pretest indicating their prior science knowledge. 
He noted "discernible differences are to be found between the three 
groups of students" (1966, p. 142). Taking into consideration the 
covariance adjustment of prior knowledge and intelligence the PSSC-CHEMS 
students performed significantly better in all areas but one (under- 
standing about scientists). They had superior scores on understanding 
about the scientific enterprise, understanding about the aims and methods 
of science, acceptance of text of the course, content of the course and 
the laboratory work in the course. As well, scores of the PSSC-CHEMS 
students showed them to be more involved in the course, more interested 
in the course and more satisfied that the course met their needs (Hedley, 
1966, pp. 144-145). 

Hedley reports a definite relationship between type of course 
and observed outcomes. For subsequent studies he recommends investi- 
gations of teacher characteristics in relation to resultant outcomes. 

It is suspected the three groups Hedley tested may have been 
indicative of different populations and rather than use analysis of 
covariance in an attempt to make the groups equivalent a random assign- 
ment of students to the three treatments would be more acceptable for 
his purposes. Some doubt must exist as to what the predictor variables 
really were. 

The present study can utilize Hedley's findings and suggestions 
in several ways: make sure all elements of the study sample have the 
same course and are heterogeneously grouped, investigate the effect of 


variable teacher characteristics and use I. Q. scores as a covariate if 
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necessary. 


Summary 


The preceding literature indicates the several facets involved 
in this study and represented by the model in Figure 2: the importance 
of inquiry-oriented instruction (Lewin, 1974; Nay, 1970; Nay and 
Associates, 1971; Goldman and Goldman, 1974; Bruner, 1962, 1971; Schwab, 
1966); the need for using TMC as a predictor variable (Raun and Butts, 
1967-68; Heikkinen, 1973; Hedley, 1966); the value of students and the 
teacher's peer group in providing information about the teaching- 
learning situation (Emmer, 1974; Harrison and Westerman, 1973; Elliot, 
1974; Elam, 1974a; Thompson, 1975; Purchit, 1970); the existence of 
models and tests for attitude assessment (Nay and Crocker, 1970; Kozlow 
and Nay, 1976; Heikkinen, 1973; Hedley, 1966); and the importance of 
matching students with a desired environment (Hunt, 1974). These 
articles and research have been used to develop the design for this 


study. 
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CHAPTER IIT 


DESIGN OF THE STUDY 


A pilot study was carried out in 1968-69 to delimit, delineate 


and refine techniques and instruments which would be useful in identify- 


ing teacher mode characteristics and their impact on student attributes, 


particularly in the affective domain. First in this chapter the pilot 
study is discussed in substantial detail including design, results, 
data processing and major findings. Subsequently, the design for the 


main study is presented. 


Pilot Study 


The Problem 

The pilot study was undertaken to deal with two main problems: 
1) What methodology could most adequately be used to identify Teaching 
Mode Characteristics (TMC) which would be associated with resultant 
student attributes? and 2) Which measuring instruments would most 
adequately describe student attributes, particularly in the affective 
domain? 

Statement of the Problem. What attitudes of junior high school 


science students specific aspects of science and their educational pro- 


grams as well as their understanding of relevant science concepts can be 


identified when teaching mode is used as the predictor? 
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The Design 

An attempt at classifying teachers on an ingquiry-orientedness 
scale was made in order to see if any student attributes could be more 
easily associated with one teaching mode than another. The possibility 
existed. that certain student behavioral patterns could be more success- 
fully elicited if a low inquiry-oriented approach was used and that 
others could be more amenable to a high inguiry-oriented approach. To 
investigate these possibilities, teaching mode characteristics in the 
classrooms used in the study had to be identified so that they could be 
ranked as low inquiry or high inquiry-oriented and corresponding 
student responses to a set of questionnaires and tests be collected and 
correlated with type of teaching. 

The model indicated in Figure 2 was used as the basis of the 
pilot study. The Teaching Mode Characteristics scores for the pilot 
teachers were determined by means of instruments and techniques to be 
described shortly. A limited version of the characteristics of inquiry- 
oriented instruction indicated in the table in Appendix A was used as a 
basis for preparation of the instruments. The inquiry-orientedness of 
the instruction was seen to be part of a continuum as indicated in 
Figure 3. The Teaching Mode Characteristics score indicated the relative 
degree of inquiry-orientedness of pilot teachers. 

It was essential to utilize several different groups of raters 
of the Teaching Mode Characteristics. A review of the literature indi- 
cated utilization of the following groups for identifying the TMC: 
external evaluators, the teacher's peer group, the teacher himself and 


the teacher's students. 
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lower higher 
inquiry-oriented inquiry-oriented 


Figure 3 


Teaching Mode Characteristics 


Four separate TMC scores and rankings were determined as 


By External Evaluators: An instrument labelled "Inquiry 
Teaching" (Appendix C) was developed (Galbraith and Gay, 1968). 
The purpose of this instrument was to determine where on the 
continuum in Figure 3 a pilot study teacher should be placed. 
The process of classification involved observation by two 
external evaluators. Each teacher was visited at least twice 
at the convenience of the two evaluators, scores calculated and 
compared and a final composite score assigned to the teacher. 
By a peer, the teacher and the students: A ten item question- 
naire using a five point Likert-type scale, was constructed on 
the basis of the characteristics of ingquiry-oriented instruc- 
tion. The one for the students is indicated in Appendix D. 
Parallel forms were developed for the pilot teacher and the 
one peer used for rating, who in this instance was the science 
supervisor in the school system. (The student's form of the 


questionnaire was embedded in the HIFAMS questionnaire which 
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accounts for the extra items in that instrument in Appendices 
Cpe ig atidy U..) 

Four rankings of the teaching mode characteristics of the pilot 
teachers were obtained for subsequent comparison of ability to predict 
student behaviors: the teacher, their students, the science supervisor 
and two external evaluators. 

The following instruments were used to measure students’ cogni- 
tive and affective behaviors. The first four will be discussed in 
detail later under the "Main Study": 

1. Student Attitude Towards Science (SATS). 

2. How I Feel About My School (HIFAMS). 

3. Test On Understanding Science (TOUS), Form Ew. 

4, Sequential Test on Education Progress: Science, Form 3A. 

5. Knowledge and Skills (K & S). A test patterned on Bloom's 
Taxonomy was developed by B. Galbraith especially for the 
students being considered in this study and was based on their 
science course content. 

In addition to the results obtained for the five instruments 
mentioned above, I. Q. scores were obtained from the student's cumulative 
files and were found to have been derived on the basis of the Lorge- 
Thorndike intelligence tests. The reported score was an average of the 


scores obtained on the verbal and nonverbal batteries. 


The Sample 


The sample consisted of a group of twelve teachers all teaching 


the same course, Physical Science - A Lab Approach (PSLA), for the LEPsSe 
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time, on a trial basis. The PSLA course is inquiry-oriented, hence any 
differences found in the inquiry-orientedness of teachers volunteering 

to try this course should be due to the idiosyncratic mode in which it 

was adapted and taught by each pilot study ceachere 

It was deemed essential that the pilot study teachers teach the 
same course because Hedley (1966) found some differences in student 
attitudes towards science which he attributed to the different science 
courses being taught by his sample of teachers. That is, he attributed 
the variation in student attitudes toward science to differences in the 
science courses rather than to the differences in the way the science 
teachers taught them. 

The teachers allowed visitations while their classes were in 
progress so that Teaching Mode Characteristic scores could be determined 
by means of the "Inquiry Teaching" instrument. Two evaluators, 

B. Galbraith and the writer, visited each classroom teacher a minimum 


of twice, each time for at least one complete period. 


Hypotheses 


The pilot study was designed to test the following null 


hypotheses: 


Hypothesis 1: 


When teachers are ranked as high inquiry or low inquiry-oriented 
by each of the four rating methods there are no significant differences 
between the students in the resultant groups in each classification as 
indicated by the criterion measures: SATS, HIFAMS, TOUS-Ew, K and S 
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Hypothesis 2: 

When teachers are ranked as high inquiry or low ingquiry-oriented 
by each of the four rating methods there are no significant differences 
between the students in the resultant groups in each classification as 
indicated by the criterion measures: SATS, HIFAMS, TOUS-Ew, K and § 


Test, STEP, when I. Q. is used aS covariate. 


Results 

Instruments. As well as using the total test scores, factor 
analysis was carried out on each of the three instruments: HIFAMS, SATS 
and TOUS. This analysis was undertaken to check the construct validity 
of these tests since each reported constituent subtests measuring 
student perceptions on component factors. The HIFAMS factors remained 
somewhat similar to those originally proposed by the previous users, 
Coster and Pyra, (Pyra, 1965) but the factors for SATS and TOUS show 
considerable divergences from those postulated earlier (Hedley, 1966; 
Cooley and Klopfer, 1963a). 

Teacher ranking. The teachers were ranked on a continuum from 
lower inquiry-orientedness to higher inquiry-orientedness on the basis 
of scores from each of the four rating methods: teachers, students, 
external evaluators and science supervisor. Classrooms in which all 
measuring devices were not administered were not used in the final 
analysis. Complete data were collected on nine classrooms and the bottom 
three and top three in inquiry-orientedness, as identified by each of 
the four teacher ranking methods, were used for four separate data 


analyses. That is, students of teachers with scores of one, two and 
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three were compared with students of teachers with scores of seven, eight 
and Pine. 

Table 3 shows how each of the methods Panked the teachers on the 
inquiry-oriented continuum. Each teacher is represented by a letter and 
the continuum is divided into categories of low (L), medium (M) and high 
(H) inquiry-orientedness. 

Table 4 shows contingency tables indicating the relationships 
between the rankings. Assuming that the rankings are on an ordinal 
scale, the Spearman's coefficient of rank correlation is given below each 
table. 

Criterion measures. Two groups of students for each ranking 
scheme were identified: those of teachers rated as low inquiry-oriented 
and those of teachers rated as high inquiry-oriented. These groups were 
then compared on each of the criterion measures. For example, the 
students of the teachers who ranked themselves as low in inguiry- 
orientedness were compared on all criterion measures with the students 
of the teachers who ranked themselves as high in inquiry-orientedness. 
Column one, under "Method Used for Teacher Ranking" in Table 5 and Table 
6 show the results of these comparisons and as well the comparisons 
under the other three methods of classifying the teachers. 

Table 5 contains the figures from an analysis of variance on 
pairs of measures and Table 6 is a summary of observed significant 
differences between the two groups under each ranking and on each of the 
criterion measures. Each student was assigned the TMC score his teacher 
received from each of the four ranking methods. Hence the degrees of 


freedom for critical values of F are (1, 5) since only six separate groups 
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TABLE 6 
SIGNIFICANT DIFFERENCES ON EACH OF THE CRITERION MEASURES FOR STUDENTS 
OF TEACHERS RANKED AS LOW INQUIRY-ORIENTED AND STUDENTS OF TEACHERS 


RANKED AS HIGH INQUIRY-ORIENTED FOR EACH OF THE FOUR RANKING METHODS 


Method Used for Teacher Ranking 


Criterion 

oe External Science 
Teachers Students Evaluators Coordinator 

TOUS *% io 

HIFAMS ae aie 

SATS i 

STEP ** * * 

i BS ** * 

Ji % ee a* * 


** Indicates significance at the .0Ol level. 


* Indicates significance at the .05 level. 
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are being compared: three under each ranking method. 

No significant differences were observed between the students of 
high inquiry and low inquiry teachers as classified by the teachers 
themselves but the student groups resulting from the classification by 
the students were significantly different on all the criterion measures. 
A significant difference was noted in only one case for the student 
groups classified by the external evaluators but significant differences 
were noted in all but one case for the science coordinator's classifica- 
E1ON. 

Table 5 presents the figures resulting from the analysis and 
Table 6 a summary of the results. In all cases where a significant 
difference is reported the desired or more positive score is in favor of 
the students of the teachers designated as high inguiry-oriented as com- 
pared with the students of the teachers designated as low ingquiry-oriented. 

Homogeneity of variance appears satisfactory using the Hartley 
test except for the STEP test under student rating of teachers. Checking 
this case with a t-test for significance of differences between means 
where population variances are unequal (Ferguson, pp. 171-173) does not 
allow retention of this result as reported in Table 5. Assumptions of 
analysis of variance will be discussed later. 

Correlations of Criterion Measures. The correlations between 
the different criterion measures are given in Table 7. These correla- 
tions were calculated on the test results of forty students randomly 
sampled from the total sample. Correlations with the two attitude 
measures could not be made since student anonymity was guaranteed and 


no identification was put on either the HIFAMS or the SATS papers. 
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Analysis of Covariance. Using a random sample of 75 students 
from each of the two groups resulting from student classification of 
teachers and performing an analysis of covariance, with I. 0. as covar- 
iate, did not significantly change the means on the three instruments: 
TOUS, STEP, K & S. The data from this sampling appear in Table 8. The 
significance of the results for TOUS have risen above the 0.01 level as 
indicated in Table 8 but the others remain significant at the 0.01 level. 
It is suspected that the TOUS differences would also remain if all the 
data were considered. Thus I. Q. scores have little effect on the 
reported student differences. HIFAMS and SATS were not tested here 


since they contained no student identification. 


Discussion 

The correlations between the methods of ranking the teachers on 
the inquiry-oriented continuum should be noted. The correlation between 
the view that the teachers have of themselves and the view the students 
have of them is almost zero. Conversely the student ratings agree 
significantly with those of the science coordinator. (A t-test shows 
the correlation to be significant at the 0.01 level.) Rating by the 
external evaluators correlated most highly with that of the teacher's 
self-rating. 

The students who viewed their teachers as more inquiry-oriented 
as indicated by their answers to the questionnaire scored significantly 
better on the knowledge tests, attitude tests and the Test On Under- 
standing Science and also had higher I. Q. scores. After statistically 


removing the effect of I. Q. the other results still remained signifi- 


, ge ' 


. saber Ee = Leto) aupbetse. Sy. no beth Ss 


1o HOcsee VL 2204.9 deseebehtes Brera: onthe ag 


heat we oy 6a aoe aaiie bukvers 36 eke : 
ay ae , | i, —_ f Ny ' it v ' i) 
i | 


ssneine s3 ect) Seay ata ao eeBenr att aR ey se i 


an’ 1% GEST tix RSSQe RTL MACOS ee i ne +t, Hake fe ee i #4 


as Jeavel 0.0. on5 aveath qankt) eyak “yi ey conte 


Yet! Lol dla ae, ser ieee) ens Sidhe ait ais 


i4 Lis Xb akehes cube BiWOe seonstek Feo beats ois | 
| ’ 


aCe io % sey" 7 € ea f 4 ime y hia che! aac . Ly a esjt a 


ein. ogf2e+. Son ew She bas Sant 


dt ons 


nok PRs bE soba 


10 BISASBER SF) BL ANS TAG Dia Aap necrasert 


ij 
J Ar v J 


nedwied. nomelent9o, ait “bys on ain Side ii 


onsns @tni dey Yrobsie ods ois ‘aaa | 


aula ‘sgedss AY aod teeteas 90. aipcta toe ett xo” a 


end) pa prrkha ss - aries L9..0 eas 45° foie Un, aoe 
e' seioned eda to sada aoa atbekd s20m nea iow 


\ 
4 \ 


betnotac-wilupal eipm es exedcked aha ‘sent hs) tw 

+ Ulta ooh iit v te Potoss in uensoks eanp Bee ot | 
=i9on) oo Sea? edd One poraed sunathes 2 
Wiisassitattyste se) . wonton oT ye satis a 


~Liinola beri sme Fiaas ad Sue (abe nds aes 


83 


YAONW 


TOO° (160 4) cf °ST 
LO (LOT “T) L9°6 
GO: (LIT “D LES 
oi ee eet er eee oe ee ee ee 
d FP VAONY 
peysnl{py 
OT2eY-4 


95° 8E WEES 
92°SP PDS? 
LL VE LEU 
ueoy uvoyW 
pe snl py 
szeyoral 


pequetz0-—Artnbuy 
YOSTH FO SsjUEepN7AS 


OST =aN 


a oS 6P° EE 
92°27 80°27 
6T° EZ ee ave 
ueoW urvey 

pezsnlpy 

szaeyoral 


peqzuetzo-—Aztnbult 
MOT JO szUuepnzS 


ALVIMYVAOD SY ANODS *O6 °*I JO ASN WONT ONILTASAY SNVAW NOTUdLLYO NI SAINWHO 


8 ATavL 


uOoOTIEeATIO 


ld 


ee 


{2°36 


35°38 


2 
~ 


43°08 — 433 


> 


= Bs 
13ON8 
rere 


Wy 
vd 


HF ETO 


84 


cantly different. In addition the students who did well in one area, as 
indicated by the six criterion measures, were found to do well in all 
areas. In particular, the areas considered, labelled as affective and 
cognitive in Figure 2, showed that students who scored highly in one 
area aS a group also scored highly in the other. 

Similar student results were observed when the science coordina- 
tor ranked the teachers. 

It appears that different teaching mode characteristics do 
result in, or can be associated with, different student behaviors. 
However, the important variable in this association appears to be the 
group chosen to identify the TMC. Since the successful groups for 
predictive purposes in the pilot study were the students and the science 
consultant perhaps the TMC raters must be personnel who associate fre- 
quently with the teacher. That is, they must be familiar with the 


teacher but cannot be the teacher himself. 


Implications for the Main Study 


The pilot study was undertaken to gather information relevant to 
the design of the main study. As a result of the pilot study it has 
been ascertained that Teaching Mode Characteristics can be used as a 
method of identifying inquiry-orientedness of a classroom, and depending 
on who does the rating the resultant classifications correlate with 
Certain student behaviors. 

The raters of most promise appear to be the teacher's peer and 
his students with the correlation between these ratings and the teacher's 


self-rating being of significant interest. These three groups will be 
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retained as raters of TMC for the main study. 

Since the students of teachers rated as high in inquiry-oriented- 
ness had higher I. Q. scores than the students of teachers rated as low 
in inqguiry-orientedness the question arises, "Does the student with 
higher I. Q. view his teacher as more inquiry-oriented?" Also, perhaps 
teachers react to students with higher I. Q. scores in a higher inquiry- 
oriented manner. These associations should be further investigated. 

Further development and analysis of items on the teacher ranking 
questionnaire should prove revealing with respect to individual student 
differences within a classroom. Also, it would be desirable to perform 
an analysis of variance on the methods used to identify TMC to ascertain 
the significance of differences between raters. 

To actuate the above analysis and more adequately answer the 
initially proposed problem of relating given teaching mode character- 
istics to student behaviors data should be collected on individual 
student rankings of teachers and the criterion measures. To do this 
student identification on all criterion measures is necessary. In 
addition, this identification is needed to calculate correlations 
between all pairs of instruments. These correlations should indicate 
the degree to which the criterion measures are measuring different 
student behaviors from the cognitive and affective domains. 

Factor analysis of HIFAMS, SATS and TOUS, to be discussed later, 
indicates HIFAMS subtests can be used as they parallel those in the 
original form (Pyra, 1965). However, only total scores from SATS (Hedley, 


1966) and TOUS (Cooley and Klopfer, 1963) will be used Since factors from 
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these tests bore no relationship to those proposed by their authors. 


The main study will incorporate these findings into the design. 


Main Study Design 


Descriptions of the sample and population are presented in this 
section. Subsequently details of the testing instruments including 
results of factor analyses are given. The testing program follows and 


finally data processing techniques used are described. 


Population of the Study 

Arrangements for carrying out the study were made through the 
Director of the Curriculum Branch for the Alberta Department of Education. 
Letters were sent to principals of all the junior high schools in Alberta 
requesting them to pass on the information to each of their grade nine 
science teachers (Appendix E). The Department of Education List of 
Operating Schools in Alberta indicated that approximately 600 schools in 
the Province of Alberta offer grade nine and hence Science 9. Of these 
schools approximately 140 are in Calgary or Edmonton, the two major 
urban areas. 

Teachers from 250 schools throughout the province volunteered to 
take part in the study and from these 130 were chosen at random to 
participate; 120 ultimately did. The chosen schools provided approxi- 
mately 5,000 students to respond to the instruments measuring student 
behaviors. Schools in this study represent approximately sixteen per 
cent of the total number (800) of towns, cities, or villages, on an 
official provincially published 1975 map of Alberta. 


Furthermore, the province is divided into six zones, each one 
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consisting of a group of school jurisdictions, including divisions, 
counties and urban districts which make up a high school inspectorate 
(See Appendix F). The distribution of schools per zone is shown in 
Table 9. The populations of the centers in which the schools are 
located are shown in Table 10. The majority of the schools are in 
centers of populations less than 5,000 although several schools from 
larger centers are also included in the sample. 

Table 11 shows that the majority of teachers teach three Science 
9 classes or less and are the only Science 9 teachers in the school. As 
well very few classes consist of students who are assigned to a parti- 
cular class but are free to choose which section they will attend if more 
than one is available. Even where students are assigned it is rarely 
done on an ability basis but is more likely to be the result of organ- 
izing the program for facilitation of the option program. That is, 
almost all classes can be expected to be heterogeneous. 

As will be discussed and illustrated later (Table 18) different 
classes wrote different combinations of six student behavior instruments. 
The combination of tests a specified class was requested to write was 
randomly assigned but resulted in each test being reasonably represented 
throughout the province (Table 12). 

The population as described above should be reasonably repre- 
sentative of the Province of Alberta and statistics obtained from these 
schools and classes will be referred to as population statistics. 

For purposes of hypothesis testing a sample of the above descri- 
bed population was selected. This sample, to be described in detail 


later, consists of those classes that wrote all the student attribute 
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TABLE 9 
NUMBER OF SCHOOLS PARTICIPATING IN THE STUDY FROM EACH 


PROVINCIAL SCHOOL SYSTEM ZONE® 


zones Number of Schools 
y! 16 
2 16 
3 38 
4 24 
5 IAL 
6 BSS 
TOTAL 120 


* See Appendix E for geographic distribution 
of Zones. 
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TABLE 10 


DISTRIBUTION OF SCHOOLS ACCORDING TO POPULATIONS OF CENTERS 


Population Number of Schools 
Under 250 Se, 
2505 1,000 29 
000) = 27,000 16 
2, 500e8— 5,000 £9 
5,000 — 10,000 8 
20,000 = 25,000 5 
25,000 - 50,000 6 
507 000n=2»1007,000 0 
Over 100,000 5 
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TABLE 11 


CHARACTERISTICS OF ADMINISTRATIVE ORGANIZATION OF 


SCIENCE LEARNING SITUATIONS IN THE STUDY 


Characteristic Number of Teachers in Each Situation 


Number of Classes Taught 


J 62 
2 2, 
3 ey 
4 9 
5 or more 5 


Number of Science 9 Teachers in the School 
Only one 99 
More than one 2i 


Student Assignment to Classes 


Students attend class of their choice SHS 
Students are assigned to a specific class LO 
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TABLE 12 


NUMBER OF CLASSES IN EACH SCHOOL SYSTEM ZONE 


RESPONDING TO EACH TEST 


zones 
Tests. Total 
ey 2 3 4 ‘3 6 

SLSI-T Ly, 16 31 18 UL 16 109 
SLSI-TA bus; 6 18 veh 5 ) , 62 
SLSI-S 18 16 33 20 Eel 16 114 
TOUS-Ew t2 Hie} 29 14 8 Lah 87 
ee LO. a 3 igi 2, 12, Ik@) 10 83 
Science 
Mark Ls Si 28 E3 9 10 84 
TOUS-Jw il 7: 24 14 5 10 7a. 
HIFAMS BS 3 oi, 19 10 14 203 
SATS RSS Zz 29 16 g 14 95 
TOSA gS) 10 eal 14 2) 14 93 
STEP mA 0 3 2 Ms w! 8 
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instruments. This sample included six teachers and their 482 students. 

Due to the extensive coverage of the Province, instrument scores 
obtained should be applicable to most of the grade nine science classes 
in Alberta and to a more limited degree to other classes with charac- 
teristics approaching those described above. In addition, for generali- 
zability, the time of year in which the data were collected must be 
considered; testing occurred during the months of February, March and 
April. 

Thus, instrument statistics are referred to as those of the 
population and comparison of the scores with those obtained from the sample 
used to test the hypotheses will indicate the degree to which the find- 


ings will be generalizable. 


Testing Instruments 


Treasure discusses the characteristics of measurement labelled 
"validity" (1965, pp. 58-59). The various types of validity may be 
Characterized as "content", "construct", "predictive" and "concurrent". 


Content validity usually refers to the correspondence bet- 
ween the test items and the attributes or knowledge being 
tested. An appropriate technique for checking this corres- 
pondence of items with the attribute being measured involved 
the use of competent judges. There is bound to be some dis- 
agreement over the items; however, Bloom, Hastings, and 
Madaus (1971, p. 76) suggest that 75% agreement or better is 
satisfactory while less than 50% agreement should be cause 


for alarm. 


Construct validity is a characteristic of most ability or 
personality tests and refers to the relationship of the items 
that measure the same trait or group of behaviors. A measure 
of construct validity is the correlation of one item or group 
of items with others and the extent to which there are com- 


mon factors within a test. 
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Predictive validity is a characteristic of ability measures 
and is a measure of the degree to which the items in whole or 
part correlate with either subsequent actions or test per- 
formance. This presupposes some sort of logical relationship 
between the test and a criterion. 

Concurrent validity is the extent to which student perfor- 
mance on one test is the same as their performance on some 
previously established standard. For example, one might sup- 
pose that the rank order of students writing a highly verbal 
test might remain in the same relative position on a verbal- 
ability test. This is of most use in establishing the 
relation between an indirect and a more direct measure of 
some behavior. 

These criteria for adequacy of tests are used in the following 

discussions of instruments used in the present study. 

As indicated in the model representative of the present study 
(Figure 2) instruments are required to measure three major areas: 

1) teaching mode characteristics, 2) student behaviors in the affective 
domain and 3) student behaviors in the cognitive domain. The Science 
Learning Situation Inventory was developed to meet the first requirement. 
To measure student behaviors from the affective and cognitive domains 
the following instruments are employed: HIFAMS, SATS, TOSA, TOUS-Ew, 
TOUS-Jw, STEP (Science), and a Science Mark. In addition, I. Q. scores 
are also used as criterion measures. 

Test on Understanding Science (TOUS) was developed as a result 
of the re-examination and radical revision of science curricula in 
America between 1957 and 1959. Its intent was to go outside the tradi- 
tional content evaluation and, in addition measure students' under- 
standing of scientists and the scientific enterprise (Buros, 1972, 

p. 1240; Cooley and Klopfer, 1963a, 1963b). 


H. Grobman and V. Noll report separately on TOUS (Buros, 1972, 


pp. 1241-1245). It is reported that more than one form exists and given 
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descriptions are inclusive of earlier versions than the form W on which 
Pmemreports are based’ (puros, 1972, p. 1240). Two forms of TOUS are 
used in the present study: TOUS-Ew and TOUS-Jw. The aeeeee to which 
the descriptions given in Buros actually are applicable to the forms 
used is unknown. However, using two forms enables the calculation of 
their correlation and hence an indication of alternate-forms reliability 
(eurtrord, 1965, p. 445). 

The two reviews given describe several chkapreh aster ives aspects of 
the tests. Content validity was established by science educators 
concerned with the history of science. But since this was done in 
1960 some of the qeustions may not currently be appropriate. The test 
consists of three major areas, understanding about: 1) the scientific 
enterprise, 2) the scientist and 3) the methods and aims of science. 
Factor analysis of the pilot study version did not identify three major 
factors but several factors not coinciding with test manual classifica- 
tions. However, if as is stated in Buros (1972, p. 1242) the test can 
be further analyzed into themes some logical relationships may result. 

Item difficulties are reported to range from 0.09 to 0.90, KR, 
to be 0.76 for the total score and grade correlations with Otis raw 
Scores ranging between 0.64 and 0.69 (Buros, 1972, p. 1244). The pilot 
study identified a correlation of 0.06 between Form Ew and the Lorge- 
Thorndike average of verbal and non-verbal scores. The correlations 
with I. QO. scores reported in the main study are 0.51 and 0.49 for the 
two forms used (Table 27). The correlation between the two forms is 


0.66 (Table 27). This low correlation indicates the tests are consider- 


ably different and thus both should be used. 
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The intended purpose of TOUS was for research only and, as was 
suggested in Buros, it should be used and interpreted with caution. The 
test manual is not complete and further development of the test is desir- 
able as such an instrument is desirable (Buros, 1972, pp, 1242-1243), 

Results obtained from the two forms used in this study are pro- 
bably most useful when considered in relation to the other student test 
results. In addition, data are provided by this study for revision and 
development of an appropriate Alberta form (should the authors so consent). 

Lorge-Thorndike Intelligence Tests (K-12) and the Otis Quick 
Scoring Mental Ability Test. These two I, Q. tests were used to about 
an equal extent in the Province of Alberta at the time of this study. 

Both the Lorge-Thorndike and the Otis tests cover the desired 
grade level for this study. Specifically, the Lorge-Thorndike test has 
two forms for grades 7-9, a verbal and non-verbal, and the Otis test, 
form Beta, which is administered from grades 4 through 9. 

Lorge-Thorndike Intelligence tests received a favorable report 
from Tittle (Buros (ed.), 1972, pp. 684-686). Reliabilities (KR) 
from 0.80 to 0.91 were obtained for different grades. Correlations 
with school achievement rated as moderate to fairly high. Verbal scores 
usually provide higher correlations than non-verbal scores in predicting 
achievement although both produced relatively high correlations from 
0.60's to 0.80'.s Validity discussions in the technical manual were 
reported as good. 

The Otis test appears to have an excellent and long standing 


reputation although the instrument is currently being updated (Buros, 
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1972, p. 685). Only one score, loaded toward the verbal competency aspect, 
is produced. 

Correlations between the Lorge-Thorndike Non-Verbal and Verbal 
scores and Otis Non-Verbal score are, respectively, 0.72 and 0.85 (Lorge 
encernorndike, <1957/; pwtl3j. 

Teachers were asked to report I. Q.'s as they appeared on the 
cumulative records. The I. Q.'s thus reported should be a fairly even 
split between the Lorge-Thorndike and the Otis. Since the two tests 
have similar standard deviations and are reasonably highly correlated 
their scores are used as a single variable for subsequent statistical 
calculations in the present study. This strategy is statistically 
questionable but is utilized for the following reasons: these scores 
may have as much construct, predictive and concurrent validity as scores 
from the same test given at different grade levels (teachers were asked 
to report the most recent score), a large number of tests were given in 
the present study and the addition of an intelligence test was decided 
to be undesirable, the I. Q. score should be at least as valid (predic- 
tive) as the science mark which teachers were asked to predict, and 
I. Q. is not considered a major variable in the present study but is 
mainly desired for comparison purposes with other student behaviors. 

Sequential Tests of Educational Progress (STEP), Science, Form 
3A, 1962. STEP tests were produced in two forms in 1956-1957 by the 
Cooperative Test Division of the Educational Testing Service. Form 3A 
developed for grades 7-9 was used in this study as a measure of student 


achievement on a standardized science knowledge instrument. 
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Johnson reports these tests assume that by utilizing problem 
situations to measure the student's ability to use basic scientific 
concepts they are also measuring the understanding and retention of 
basic scientific concepts (Buros, 1959, p, 802). He further states the 
test is comprised of sets of multiple choice questions based on a single 
problem situation, "the problems included being those deemed to be of 
concern in the everyday life and interests of the students" (Buros, 1959, 
p. 802). In addition, there are several attempts to test understanding 
of the scientific method: defining problems, suggesting hypotheses, etc. 
Norming was done on schools that volunteered to participate and since 
representative qualities of schools included are now known, utilization 
of published norms is "very hazardous" (Buros, 1959, p. 802). 

Jackson reports the test is given an excellent rating for use 
by everyone from the classroom teacher to the most statistically oriented 
measurement specialist (Buros, 1959, pp. 67, 804). Jackson's review 
includes Kuder Richardson formula 20 reliability scores for the STEP tests 
which he reports range from 0.84 to 0.92 (Buros, 1959, p. 63). Validity 
Leoncurrent] is referred to by giving correlations to SCAT which are 
"quite high" such that there is doubt that both measures would have to or 
should be administered to the same students (Buros, 1959, p. 64). 

Although validity and reliability information are not necessarily 
complete for the population tested here, this test seems appropriate for 
utilization in the present study for group comparisons and correlations 
with other measurement instruments, 

Science Mark. Towards the end of the school year the teacher 


was asked to submit a final mark in science for each student. The 
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validity and reliability of these marks is an open question identical 
to that Beis to any set of marks reported by teachers at the year's 
end. However, since all schools are accredited and no standard final 
exams exist, the student's final marks in all areas are those assigned 
by the teacher. 

A potentially valuable aspect of this study is the statistics 
attached to, and correlations between, reported science marks and the 
other student behavior measuring instruments. In particular are the 
marks inordinately high? Do they correlate with STEP and I. Q.? Asa 
result of accreditation can any implications be made on the teacher's 
ability to assign marks in isolation of provincial standards? 

Test on Scientific Attitudes (TOSA) was developed by J. Kozlow 
and M. A. Nay for use in a study on measurement of scientific attitude. 

Kozlow used the Nay-Crocker inventory (Nay and Crocker, 1970) of 
affective attributes of scientists as a framework for dealing with 
affective attributes in science education. He focused only on the 
attitudes given in this inventory which he defined behaviorally. A test 
of forty multiple choice questions was developed to measure the attitu- 
dinal behavior of students, which was named the Test on Scientific 
Attitudes. 

TOSA is divided into two subtests, one measures students' knowl- 
edge of how scientists behave attitudinally in their research activities. 
The other subtest measures students’ attitudinal intent by presenting 
them with various problem situations in the test item stem to which 


they have to respond. These subtests are labelled Cognitive Component 
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Subtest (CCS) and Intent Component Subtest (ICS), respectively (Kozlow 
mpcamiNay, 1976, p. 153)°: 

The KR-20 coefficients for TOSA, TOSA-CCS and TOSA-ICS are 0.55, 
0.45 and 0.39 respectively. Although these are low thé test-retest 
correlations are 0.71, 0.68 and 0.64 which are more satisfactory (Kozlow, 
1973, p. 100), and indicate reasonably good test stability. The popu- 
lation consisted of Chemistry 20 and Physics 20 classes in the Edmonton 
Public School System. TOSA was administered twice, once in the spring 
semester to 156 students and once in the fall semester to 151 different 
students, 105 of whom wrote the test twice providing test-retest data 
(Kozlow, pp. 54-55). 

SCAT (Form 3A) and STEP reading (Form 3A) scores were obtained 
from 1971 grade 9 records at the Department of Education. The correla- 
tions between total SCAT and STEP scores with TOSA are 0.33 and 0.35 
respectively. The correlation between the two subtests of TOSA is 0.23 
indicating these two subtests are not measuring the same characteris— . 
tics. Item analysis was performed on the test and resulting statistics 
(means, standard deviations, ranges, frequency distributions, correla- 
tions) indicated most of the items were satisfactory (Kozlow, 1973, pp. 
iv, 71-74). 

Content validity is based on the argument that "the attitudes 
which the test is designed to measure were selected from a list of 
affective attributes of scientists, the behavioral specification of 
these attributes were selected on the basis of the responses of a panel 
of judges", the items described science-related situations and the keyed 


responses were derived by a panel of judges (Kozlow, 1973, PDp« 68-69) ; 
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Structural (construct) validity is discussed by Kozlow under two 
aspects; item analysis to obtain properties of the individual items and 
test-homogeneity as well as factor analysis to examine the underlying 
structure of the test items. Generally item difficulties are acceptable 
being within the range 0.11 to 0.87. Biserial correlations were calcu- 
lated for each test item with the total test score and with the two sub- 
test scores. Most of the biserial correlations for the items and their 
subtests are above 0.30 and "should be satisfactory" (Kozlow, 1973, 

Det 9)i« 

The homogeneity of the sample subjects would tend to lower the 
homogeneity of the test (Kozlow, 1972, p. 85) and could account for the 
relatively low KR-20 coefficients of 0.55, 0.45 and 0.39 for the three 
aspects of the test noted above. Even though the sample used was homo- 
geneous the relatively low KR-20 coefficients indicate some item 
revision may be desirable (Kozlow, 1972, p. 84). 

Factor analysis showed reasonably good "agreement between the 
theoretical classification and classification by the factor solution". 
Approximately 80% of the salient factor loadings can be related to the 
item classification which was based on the definitions of the attributes 
(mez Low 7 1:97 3, pp «)99=100) s 

An attempt was made to ascertain the external [concurrent ] 
validity of TOSA by having the teachers rate the attitudinal behavior of 
their students and then compare these ratings with student performance 
on TOSA. Owing to probably misunderstanding by the teachers of the 
nature of the rating task no significance could be attached to the 


information obtained for the external [concurrent] validity of TOSA. 


OOS. 


| i CMs: ca hesty woolen i Taye oaths ith W oe nh Lay cerca Mi 


— Tees etnies), | pein) eats Qo sina lt Vee sive bis aie ; 


ia weneite a) tags - ccc ed. ke ae soa Be Show oN 


Ny! ; His 

De a 

aise a sakes cer asad oN . ra) y Ms fo Leste * eon, pa pi — } 
‘ | on at as 

Aue er sea. piokikbewies fkieeke THC OF df u.0 oye st ah ba 1 


™, 


sare: eva tit ie erties eed Lastoe oa hd oma aut Hom 


Shears Ate eaneean. Sn coy era 4 1 2 LOS Lor? pre mr os mo) $f 


; j ' i ’ ] ies 
yi hy 
— 
BAS Yeah os bast bitrow ethostine oe bynse one he nee ote 
si4 26% sisfosed Bhboo Bnd (Ce va eNO) ao Leon): sped it ie 
ORAS A Oe RE BoB FRAO gee. Oe Bip, Body al Shee, aa 


» ‘pier ipl ‘ a i y 
. camortt & EW bear a} ime | apipe rah 4 fH! "3 y ¥' v inst ¢ iF (ais Wage ie 
‘ a : | mn Pr J 
a 


se, a 
f 


oh iy 


madh ‘Snow etsoahe) etsis | o cea ines \tes well dove dee dil pir 


¥ wi 
an 
be La a SNe i pM beri seneanie <o AVG 
» Ve : it 4 


Wee 


ott adevsed shamnaaths" boop ultaiatie’ mney a oa Be 
MAMSUM Oe AASHa. cele ad nardiot teste AMEE svt 
“hs eo). beagles, ad aim abprithael t6450% ADS. Lee. och Moe . 

A ‘* i Be YL aviee Tha) 


WEA SA add 4oO an OLakiy teh aid. ao Seeed ety notin 


' ; . oO 
‘| ae m 


me 
. ‘ bi iy “28 Shel aie ' 


it j 


Fj ‘Sivan etre LORS) Bit A ciMiievesn., od aha nee) 


wh bts) LOR Hileni Suir bused b/d) Bad ee ew) co ae . 


~ : : ‘ 
4 nil tex]. Soobese nsiy syns ant ae 

aj j (er) ; 
' WS. tO (Sete? ot id of Sricietbi fre Er), 


iy 
Sit od Hatlscts's bd Blinds aenennt tanta on tee 


sAREY IO vothiley ‘| antaauenge angentel at ah 


101 


Although "TOSA ‘is only a“ first step” (Kozlow / 1973). pe123) “in 
affective instrument development it has many desirable features which 
make it appropriate for the present study: it is unique in its objec- 
tives, it has a cognitive component, it has an affective component, it 
has been rigorously developed. An additional desirable outcome of the 
use of TOSA will be considerable additional information as to its 
statistics with a much larger group and with a different grade level. 

The Science Learning Situation Inventory (SLSI). SLSI was 
expanded from the ten item questionnaire used in the pilot study, (See 
Appendix D) and the "Inquiry Teaching Instrument" (See Appendix C). 

The new enlarged version provides not only information on how 
the student perceives his actual teaching-learning situation (SLSI-A) 
but also provides a score indicating the type of situation he thinks he 
desires (SLSI-D). The difference between these scores, (D-A), then 
indicates the degree to which the student is satisfied with or matched 
with the science learning situation he desires. To ascertain this score 
a procedure similar to that used by Cheong and DeVault (1966) was utili- 
zed in that students are asked to respond twice to many of the statements 
describing their teaching-learning situation: once with respect to the 
degree that they desire the characteristic described (D-score), and once 
to the degree that they are actually experiencing that situation (A- 
score). The majority of the items on the SLSI test provide a score 
indicating the degree of inquiry-orientedness of the students’ teacher, 
SLSI-TMC. The items in SLSI-A are included in this score. As well, 


the student receives a total score on the questionnaire used for com- 
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parison purposes with the subtest scores: SLSI-TMC, SLSI-A, SLSI-D and 
D-A. 

Table 13 presents a breakdown of the number of items and subtests 
in the SLSI-S instrument. Table 14 presents the correlations between 
the sets of scores described above and the probability that each 
correlation is zero. The sample (482) students are used for these 
calculations. 

The scores of greatest interest here are SLSI-TMC, SLSI-A and 
SLSI-D since they are to be used for subsequent analyses. The high 
correlations between SLSI-S, SLSI-TMC and i seb are expected since 
the three scores to a large degree contain the same items (Table 13). 
Also of importance is the low correlation between SLSI-A and SLSI-D 
(0.24) since these scores are to be subtracted to result in a student 
and science learning situation matching score. For difference scores to 
have reliability they must have a low intercorrelation. As the correla- 
tion of two scores depart "in a positive direction from zero, the error 
variance accounts for an increasing proportion of the total variance of 
differences, with a resulting decrease in reliability" (Ferguson, 1966, 
De SES) . 

That this desirable relationship of low correlation exists 
between the D and A scores is enhanced by calculating the first order 
partial correlation coefficient between these two scores with the SLSI- 
TC score eliminated as the third variable. Using the formula given in 
Ferguson (1966, p. 389) the resultant partial correlation coefficient 
S)0.02, Testing whether this partial correlation coefficient is 


Significantly different from zero using the t-test (Ferguson, 1966, 
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TABLE 13 


STRUCTURE" OF SLSI=S 


Total Test and Number of 
Subtests Item Numbers Items 
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TABLE 14 


CORRELATIONS BETWEEN SLSI-S AND ITS SUBTESTS 
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fas indicated in Table 13 these correlations are between scores 


which have items in common and therefore represent self- 


correlation to some degree. 


borst-a and SLSI-D scores are based on different test items. 
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p- 390) with df = 479 indicates it is not (p< .01). 

That is, using v = 0.24 the D and A scores have R? = 0.07 or only 
seven per cent of their variance in common, The residual relationship 
between these two variables is insignificant when the common influence of 
the third variable, SLSI-TMC, is removed. 

Thus both the correlation and partial correlation calculations 
support the earlier stated condition for reliability between difference 
scores: that the correlation between the two scores approach zero. 

In addition, the Science Learning Situation Inventory; Student's 
Version was processed by the DERS factor analysis package using item data 
from 1346 students chosen randomly from the population. This program 
carries out a principal components analysis from the raw data. Varimax, 
Quartimax and Equamax orthogonal rotations are applied to the principal 
components solution. The varimax rotation was chosen since it "serves to 
maximize the interpretability of factors by simplifying them so that each 
factor has only a minimum number of variables with large loadings on it" 
(Mulaik, 1972, p. 259). Since the instrument SLSI-S, has two subtests 
designed to measure discrepancies: what the student is actually experien- 
Cing (SLSI-A) and what the student desires (SLSI-D), and analysis should 
show the items appearing as distinct factors and hence indicate construct 
validity. As well, to indicate construct validity the analysis should 
identify a simplified description of the factors contributing to the stu- 
dents perceptions of his learning environment: both actual and desired. 

Seven factors were chosen as a result of inspecting the prelimin- 
ary analysis which produced sixteen eigenvalues of 1 or larger. The 


sixteen factors represented the eigenvalues of 1 or more accounted for 
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53.3% of the common variance. The seven variables which were retained 
accounted for 36.1% of the common variance indicating a high degree of 
uniqueness among the remaining factors; only two items failed to load 
on any factor when coefficients of less than 0.30 were considered as 
the point below which their contribution to the variance of the factor 
was not significant. 

Table 15 presents the results of the Varimax rotation which 
maximizes the loadings on the seven selected factors. The last column 
contains the communalities of the questionnaire items which represent 
that portion of the item variance which each item has in common with the 
other items. 

Definitions of Factors. A listing of all the Factors and items 
appears in Appendix H. A general description of the Factors follows: 

Factor 1 has loadings from items used to describe what students 
learn about scientists and the nature of science. 

Factor 2 has loadings from items used to describe the type of 
science-learning situation (TMC) a student is experiencing (A-score). 
The items center around the variety of activities offered. 

Factor 3 also has loadings concerned with TMC but centers around 
the attention paid to the processes of science (A-score). 

Factor 4 has loadings from items describing the science learning 
environment of TMC a student desires (D-score). 

Factor 5 has loadings from items concerned with the nature of a 
scientist. 

Factor 6 has loadings from items describing the amount of time 


a student gets to spend acting like a scientist. 
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TABLE 15 


VARIMAX ROTATED FACTOR MATRIX FOR SLSI-S 


FACTORS 
Item Communalities 
d oF. 18 
2 42 30 
3 34 19 
4 33 25 
5 34 46 38 
6 62 45 
7 51 30 
8 49 a2 4] 
9 39 46 43 
10 66 50 
ol 36 24 
a2 52 38 
13 50 31 
14 63 48 
15 60 ay 
16 38 = -31 42 
7 47 41 
18 58 B7 
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TABLE GUO a(COnt; d) 


Varimax Rotated Factor Matrix for SLSI-S 


Factors 
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Total Variance accounted for 36.1% 
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Factor 7 has loadings from items centered on the reactions or 
responses of the teacher to various science learning situations. 

KR=20 coefficients for SLSI-S, SLSI-A, SLSI=D and SLSI-TMC were 
calculated. These coefficients were, respectively 0.89, 0.71, 0,80 and 
0.84, Using the formula for reliability of difference scores (Ferguson, 
1966, p. 383) the reliability of the D-A score is 0.68. 

The construct validity is strongly supported by the factor 
analysis in two crucial areas, SLSI-D and SLSI-A. SLSI-D comes out 
very strongly as Factor 4 and SLSI-A as Factors 2 and 3. Two of the 
items that loaded on more than one factor had their double loadings on 
Factors 2 and 3. In addition, earlier indications that the utilization 
of the processes of science could be a strong indicator of TMC is sug- 
gested by the existence of Factor 3. 

The high correlation between SLSI-A and SLSI-TMC is expected 
since many of the items are common. 

Factors 1, 5, 6 and 7 are also seen to be grouped around common 
themes showing a relatively logical, uncomplicated structure. This 
characteristic supports content and construct validity. 

The major purposes for which this instrument was intended are 
thus supported by the correlation and factor analysis results. Factor 
analysis identified the SLSI-D and SLSI-A components plus a simple 
pattern of factors describing the science learning situation. The very 
low correlation between the SLSI-A and SLSI-D subtests indicate differ- 
ence scores involving these can be utilized. 

How I Feel About My School (HIFAMS). This instrument (Pyra, 


1965) contained 31 items with the function of measuring student attitudes 
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towards: 

a. Teachers 

b. Appropriateness of school work 

c. Future expectations 

dad. Social acceptance 

e. School climate. 
The test uses a multiple-choice response pattern and (Pyra, 1965, p. 42) 
the items were scored by arbitrarily assigning a scale value of five to 
the responses judged to represent the most favorable attitude, and a 
value of one to the least favorable attitude. Scale values of four, 
three and two were assigned to the remaining responses. 

To determine the reliability of the total questionnaire the 
test-retest method was used (Pyra, 1965, p. 42). The reliability co- 
efficient obtained as a result of retesting four weeks after the 
original run was 0.96. Pyra also reports that the reliability of the 
scale was obtained by determining the coefficient of correlation between 
the sub-total scores made on odd-even numbered items (1965, p. 41). The 
ensuing split-halves reliability coefficient using Spearman-Brown's for- 
mula was 0.91. Data from the pilot study yielded an alpha reliability 
coefficient of 0.85. This program calculates the alpha reliability 
coefficient by using the variance-covariance matrix and is a measure of 
internal consistency. 

In addition to the 31 items mentioned above the test also con- 
tains an item requesting the students indicate their sex and, as well, 


the ten items students used for rating of Teaching Mode Characteristics 


in the pilot study are also included. 
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One of the functions of the pilot study was to ascertain useful- 
ness of instruments for the main study. Hence item data from 401 
students from the pilot groups were used to factor analyze HIFAMS using 
the Equamax orthogonal rotation. The Equamax rotation was used because 
it “tends to distribute the variables more nearly equally across the 
different factors, and so the factors will appear more interpretable" 
(Mulaik, 1972, p. 264). This appears desirable in a test of this type 
where a given question can logically load on more than one factor. A 
major purpose of this analysis was to check the author's breakdown of 
items in the test which was written before computer facilities were 
readily available and hence check the construct validity of the test. 
Also, it was felt the analysis was necessary since ten items were added 
and the study population changed from high school to junior high school. 

Since the test contained ten extra items in the present study, 
and one item requesting identification of sex, the instrument was factor 
analyzed twice, once with all items except sex included and once with the 
sex item and four TMC items which didn't load removed. The first 
analysis produced twelve factors with Eigenvalues greater than 1.0. The 
second analysis produced exactly eight factors with Eigenvalues greater 
than 1.0 which accounted for 57.8% of the common variance. This low 
percentage indicates a high degree of uniqueness in the test items or 
total test variance that is not shared with other items (42.2%). 

Table 16 shows the results of the Equamax solution which equalizes 


the variance over the eight factors, 


The eight HIFAMS factors, their definitions and a summary of the 


stem of each component item are as follows: 
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41. 


Working and studying conditions 

Satisfaction with JHS 

Satisfaction with courses offered 

Perceived community satisfaction with the school 
Satisfaction with JHS organization 

School, spirit 

Satisfaction with equipment and facilities 
Satisfaction with number of activities offered extra- 


eurricularly . 


The Teacher: importance to the student 


Are students treated fairly 

Opinion of teachers 

Satisfaction with the way in which JHS subjects are 
taught 

Amount of help given by teachers 

Satisfaction with marking system 

Proficiency of teachers with respect to how well they 
know their subjects 


Proficiency of teachers with respect to how good a job 


they do 


Likeability of teachers, as persons. 


Functionality of Student's Program 


ge 


5. 


6. 


Usefulness of work being taken (for future) 
Chances of getting desired kind of job 


Degree of interest of school work 
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7. Frequency with which students get to study topics of 

interest to them 

12. Degree of parent interest in student's work 

16. Satisfaction with courses offered 

17. Degree to which JHS work is the kind the student likes to 
do 

31. Degree to which JHS will help in the enjoyment of and 
satisfaction with life 

33. Degree to which the student is working hard on school 


work. 


Personal Teacher Characteristics 


15. Opinion of teachers 

19. Degree to which the teachers are interested in the 
student 

25. Degree to which school personnel are approachable for 
help with personal problems 

40. How good a job teachers do 

41. Likeability of teachers, as persons. 

Teacher Mode Characteristics (TMC) 

7. Frequency with which students get to study topics of 

interest to them 

18. Frequency with which a variety of teaching methods are 
used 

21. Frequency with which the student performs a large 


variety of activities in the classroom 
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36. Students learn about and practice the type of attitudes 
a scientist should have. 

The Student: Social Life 

9. Is the student liked by other students © 

30.4) Satisfaction with social, life .in JHS 

34. Opinion of boys and girls in JHS 

38. Satisfaction with how well other people treat him. 

Proficiency of School 

6. Degree of interest of school work 

13. Satisfaction with number of activities offered extra- 
curricularly 

20. Perceived community satisfaction with the school 

26. Satisfaction with JHS organization 

31. Degree to which JHS will help in the enjoyment of and 
satisfaction with life 

33. Degree to which the student is working hard on school 
work 

42... .proficiency,.of yorincipal . 

TMC and Effectiveness of System 

10. Satisfaction with JHS 

11. Degree to which there are definite answers on conclusions 
to lab work 

14. Frequency with which teacher gives correct answer right 
away when a science problem is presented 


15... Opinion of teachers 
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36. Students learn about and practice the type of attitudes 
a scientist should have 

39, How good a job does your school do in educating its 
students? 

The items which were removed from the analysis were: 1 - Identi- 
ication of sex and 3, 24, 28 and 32, the TMC items. Table 16 identifies 
a relatively simple factor pattern which is consistent with the defini- 
tion of construct validity presented earlier. 

Student Attitude Towards Science (SATS). This test was developed 
by R. L. Hedley (1966) and was intended to measure student reaction to 
a course of study. The test consists of 72 items and checks student 
attitude towards: 

a. Text material (13 items) 

b. Course content (12 items) 

c. Interest in the course (14 items) 

d. Laboratory work (11 items) 

e. Satisfaction of perceived needs (17 items) 
f. Student involvement (5 items). 

Student response is recorded on a five point Likert-type scale. 
Hedley found (1966, p. 84) "highly significant correlations between the 
sub-tests of SATS and the total score on SATS indicating that the instru- 
ment was measuring consistently". It is assumed Hedley is referring to 
internal consistency in making this statement but additional information 
and details on the test were not available and should be reported. 


Factor analysis of this instrument did not support the subtest 
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classification and hence only the total test score is used in the main 


study. 


Testing Program 

All teachers selected to participate in the study were asked to: 
submit student I.Q. scores from cumulative records, complete the SLSI-T 
instrument, have an associate complete the SLSI-TA instrument, and sub- 
mit a final grade 9 science mark. In addition teachers received a test 
booklet containing: 1) SLSI-S; 2) TOUS-Ew; 3) HIFAMS; 4) SATS; 5) TOUS- 
Jw and 6) TOSA (See Appendix F). Because of this large number of 
instruments and the time involved in writing them, teachers were given 
the option Be having their students just write a given set of three 
criterion tests or have them write all the tests. Every student was 
instructed to respond to the SLSI-S instrument since it contained the 
predictor variables. The three compulsory tests were assigned to them 
according to one of the combinations in Table 17. This table illustrates 
all possible combinations of sets of three tests from the provided test 
booklet. Each test is included in six sets and each set assigned to 13 
schools, which means each test should have been written in at least 78 
schools. Table 18 gives the actual frequency of test writing based on 
results returned. 

In addition eight randomly selected schools were requested to 
administer the STEP-Form 3A test in general science. Limited numbers of 
STEP tests made it impossible to test more than a few schools with this 
instrument. With the exception of STEP, tests had no time limits and 


were to be administered at teacher convenience. This was deemed reason- 
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TABLE 17 


COMBINATIONS OF TESTS ADMINISTERED IN SCHOOLS 


——— eee 
SS 


Test Sets 
A B G D E F G H if J: 
a 
i At A dl dl A Jk il A ll 
3B 2 2 2 2 Z 3 3 3 4 
Si 5 3 4 4 5 4 4 5 4 
4 5 6 5) 6 6 5 6 6 6 


?yumbers refer to the tests as identified in Testing 
Program section and in the test booklet (See 
Appendix F). 
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TABLE 18 


NUMBERS RESPONDING TO EACH INSTRUMENT 


Number of Respondents From 
Population on Which Data 
Was Obtained 


Number of Teachers — Teacher's 
Instrument Represented Students Teachers Associate 
SLSI-S 114 4479 
TOUS~Ew 87 3634 
HIFAMS LOS 4259 
SATS 95 3892 
TOUS-Jw i 2829 
TOSA 93 3425 
OTEP 8 306 
fa 0s 83 3121 
Science Mark 84 3L22 
SLSI-TA 62 62 
SLSI-T 109 LOO 


pints scores are from either the Lorge-Thorndike 
Intelligence Test or Otis Quick Scoring Mental 
Ability Test. 
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able in that the instruments elicited information and as such are more 
characteristic of power tests as opposed to speed or achievement tests. 

Table 19 gives the sequence of the testing program. Appendix F 
contains the instructions and test booklet each student received as well 
as the instructions and questionnaires sent to the teachers and teacher's 
associates. 

Summary of Testing Program. Data were collected using a random- 
ized data collection system similar to that employed by Walberg (1969b) 
which resulted in a high percentage of students writing any given com- 
bination of tests. In the province's two largest centers, Calgary and 
Edmonton, correspondence with teachers was through the respective 
Research Directors. In Edmonton the selection basis appeared to be by 
Pecan ne whereas in Calgary only schools with heterogeneous classes 
were contacted. 

Since testing was completed by mail and over an extended time 
period of up to four months, different teachers and students could be 
responding at different times of the year. Also, no control was exerted 
over the time allowed for test writing and considerable variance in 
length of testing periods probably occurred. As mentioned earlier, due 
LO the type of tests this should be of little concern in the présent 
study. 

Of most concern is the lack of personal communication which 
could remove teacher suspicion regarding the function of the tests and 
indeed extra correspondence and phone calls were required in an attempt 
to convince teachers these tests had nothing to do with the recent 


removal of grade nine final exams by the Department of Education. Res- 
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TABLE 19 


TESTING PROGRAM SEQUENCE 


A A ES 


Dates (1973) 


Materials Sent Out 


January 


February 


March, April 
& May 


April & May 


May 


July 


Letters to Junior High School Principals with letters 
to Teachers of Grade Nine Science attached. 


Letters of acceptance or rejection of teacher 
volunteers. 


Letter requesting all tests or selected combination be 
written; sheet of Directions to teachers; class set of 
test booklets, directions to students and answer 
sheets. 


STEP tests and letter of Directions. Letter requesting 
student I. QO.'s and estimated final science marks. 


Letter requesting SLSI-T and SLSI-TA questionnaires be 
completed. 


Summary of student scores and total group averages plus 
explanations sent to teachers. 
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ponses on the SLSI-T and SLSI-TA questionnaires are of concern because 

of this natok of personal contact and its effect on reliability and 
validity of the test scores. On the positive side the suspicion resulting 
from the Department of Education sponsoring the data collection may have 
helped in motivating the reasonably large number of requests for partici- 


pation. Hence population values for the instruments could be obtained. 


Data Processing 

Responses to all instruments used in this study were made on the 
Department of Education General Purpose Answer Sheet 1 so that marking 
could be done optically. All marking was done at the University of 
Alberta using the 1230 Optical Scoring Service, and all data were punched 
on cards for subsequent analysis. Science Marks and I. Q. information 
Obtained from the teachers were also punched onto cards for subsequent 
analysis. 

All data were processed by computer programs developed by the 
Division of Educational Research Services (DERS) of the University of 
Alberta. 

Paralleling the pilot study, teachers were classified into three 
groups on the basis of their TMC scores as indicated by each rating 
group: their students, the teacher himself, and a teacher's associate. 
In each of the three cases the teachers who had the lowest TMC score 
were compared with the teachers who had the highest TMC scores (See 
Table 20) to show significant differences of TMC scores. Subsequently 


students from each set of High and Low Treatment Groups were compared on 
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TABLE 20 


SEPARATION OF TEACHERS INTO TREATMENT GROUPS 


Teacher Rating Score 


Student Teacher Teacher's Associate 
TMC High High High 
Scores Medium Medium Medium 


LOW LOW LOW 
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each of the criterion measures to ascertain which separation method 
resulted in greatest predictive ability. 

The high scores in each ranking were compared with the low 
scores in the same ranking method by analysis of variance to test for 
significant differences. 

The comparison of students in high and low groups in each case 
was made by using analysis of variance and analysis of covariance. The 
analysis of covariance took I. Q. into consideration as the covariate. 
The results of these tests will be compared with the pilot study and 
Walberg's (1969b, p. 444) findings as to whether or not the student's 
perception of the learning environment is significant for predictive 
purposes. The method used in the one-way analysis of variance is as 
described by Ferguson (1966, pp. 281-291). 

Three sets of means and standard deviations are reported for 
each instrument: a set using the number of teachers whose students 
produced useable data (Group 1) as the unit of comparison (teacher- 
classroom), a set using the total number of students (Group 2) res- 
ponding to each instrument (population), and a set using the number 
of students responding in all instruments except STEP (sample) (Group 
3). (Since schools sending in data for all tests did not always have 
all students answer all instruments, the numbers in Group 3 are not 
identical for each instrument.) Since most of the analysis centers 
on the student as the unit, differences between Groups 2 and 3 are 
important for generalizability of findings. These data are reported 


later in Tables 23, 24 and 25 and in summary form in Appendix H. 
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Because of the size of the original sample (Group 2) it can be 
taken as representative of the population to a high degree. Using the 
Tchebycheff inequality (Hays, 1963, pp. 188, 205): 


prob. (|m = UES. LO) er of 
N(.10)2 


replacing the right hand side by 0.95 and solving for N it can be seen 
that 2000 is the largest number of cases the experimenter is required to 
observe to have at least a 95% chance that the sample value is within 


0.1 standard deviation of the true mean 


oN ul 
N(.0O1) Core 
Hl) 
W = ges kee 
N = 2000. 


Using numbers from Table 24, Group 2, (also see Appendix H) the pro- 
bability is as high as 0.98 that, with the exception of STEP, the means 
Observed are within 0.1 standard deviation of the population means. As 
such the data in Table 24 can be considered to be representative of the 
true population values of these parameters and Group 3 then can be 
taken as one sample of the population. 

The first phase of the study, then, is concerned with testing 
the predictive ahility of the three sources of TMC scores. The next 
‘phase of the analysis, using data from Group 3, consists of classifying 
students into three groups using their Desire (D) scores from SLSI-S. 
These scores are indicative of the student's desire for a high inquiry- 
oriented teacher or science learning situation (See Table 21), 

The low and high groups were compared on all criterion scores 


by means of analysis of variance and analysis of covariance with I. Q. 
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TABLE 21 
SEPARATION OF STUDENTS ON THE BASIS OF D-SCORES 
(N = 482) 
Level of Inquiry-Orientedness 


Desired in the Science Learning 
Situation 


Low Medium High 


Number of Students ALG 160 161 
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as covariate in the case of the analysis of covariance. 

Students were subsequently ranked by the degree of being matched 
to their environment. This was done by ranking eigen in the low- 
desire and high-desire groups with respect to their discrepancy (D-A) 
scores. Thus each group could be split into students who perceived 
that they were getting their desired mode of instruction and those who 
weren't. The top and bottom one-third of each group was retained for 
further analysis, hence four groups result as indicated in Table 22. 

Data for four groups in Table 22 were analyzed via analysis of 
variance and analysis of covariance indicate differences in A, D and 
D-A scores. Subsequently these groups were compared using Scheffe 
Multiple Comparisons to indicate the significance of the pair-wise com- 
parisons. Finally, all four groups, those matched or not matched with 
their desire for a high or low inquiry-oriented science learning 
situation, were compared by analysis of variance and analysis of co- 


variance on all criterion measures. 
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TABLE #22 
MATCHING OF STUDENTS TO THEIR SCIENCE LEARNING SITUATION 


(N = 212) 


Score Characteristics 


Group Description Source Daa N 
yl Want low inquiry Low D small 54 
Are getting low inquiry Low A 
2 Want low inquiry Low D large 52 
Are not getting Dee tay" 
3 Want high inquiry High D small 54 
Are getting high inquiry High A 
4 Want high inquiry High D large 52 


Are not getting DF A 
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CHAPTER IV 
RESULTS 


In this chapter the results and their analysis are presented. 
First the predictor and criterion test data are given as yielded by the 
three sources: the classroom, the individual student and a selected 
sample of students. Following the tabulation of this base data, correla- 
tions between pairs of predictor measures and then pairs of criterion 
measures are presented. Subsequently each of the hypotheses posed in 


Chapter I is tested. 
Data Collected 


Tables 23, 24 and 25 give the means, standard deviations and 
number of respondents for each unit from which data are reported: the 
teacher's classroom, the student population, and the sample students. 

A breakdown of the number of individuals responding to each test 
from each gia class appears in Table 26. This sample of six classes 
represents a wide range of teaching situations from small rural areas 
to large urban centers. Also, two of the teachers come from the same 
school. The double circled school sites in Appendix E indicate the 
geographic distribution of the sample schools. Table 26 also shows the 
reason for an unequal number of students representing each measure: 


not all students wrote all instruments in each school. 
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TABLE 23 


MEASUREMENT STATISTICS USING TEACHER-CLASSROOM AVERAGES 


(Group 1) 
Number of 
Standard Teacher— 
Instruments Mean Deviation Classrooms 
Predictor Measures 
SLSI=- TMC L32 +26 9.45 TLO 
SLSI-A 62.95 5.2 LILO. 
SLSI-D 56.46 235 LEO 
SLSI-T BEETO RIL 14.44 64 
SLSI-TA 132 169 14.17 36 
Criterion Measures 

HIFAMS 129.43 6.34 LOD 
TOSA 15.74 8.61 84 
TOSA-CCS 6<80 Leo 84 
TOSA-ICS 7392 ee 84 
SCIENCE MARK 59. 36 5.455 79 
cane LOS=&7 5903 72 
TOUS-Ew PRONE ai MR oe) 83 
TOUS-Jw 22.39 326) 68 
SATS 205709 LOLS 9] 
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TABLE 24 
MEASUREMENT STATISTICS USING INDIVIDUAL STUDENT'S 
SCORES IN THE TOTAL POPULATION 


(Group 2) 


os Se Se a a ee a EE a a ree ee ee ee 


Standard Number of 
Instruments Mean Deviation Students 
Predictor Measures 
SLSI-TMC LoL Oe | 18.40 4479 
SLSI-A Clin S HOLL 4479 
SLSI-D DO. 20 7314 4479 
Sist-7" (130.77) (14.44) (64 class- 
rooms) 
SLSI-Ta* (132.69) (14.17) (36 class- 
rooms ) 
Criterion Measures 
HIFAMS 129.69, 13. 30 4259 
TOSA 14.94 4.88 3425 
TOSA=CGS 6.94 OR is: 3425 
TOSA-ICS Ao 99 2.94 3425 
SCIENCE MARK 59. 0.0 14.98 312) 
L4Q.. 105.64 12.46 S121 
TOUS-Ew 20. 5% 5.. 20 3634 
TOUS-Jw 22.47 6.78 2829 
SATS 20.2. Ss 24.42 3892 
STEP 38.82 Ca26 465 


nc cee SEE UE EIR SIDR EE nSSSSROESRSEESEEDESE ISSR aS 


(See Appendix J for Scores for all tests and sub-tests) 


@SLSI-T and SLSI-TA were only responded to by teachers and 
teacher's associates, respectively. 
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TABLE 25 
MEASUREMENT STATISTICS USING INDIVIDUAL STUDENT'S 
SCORES IN THE SAMPLE 


(Group 3) 


(ei ee Se Se hie lA a ee eee Re eee eee ee 
ee 
Standard Number of 
Instruments Mean Deviation Students 


_—_ rrr eee 


Predictor Measures 


SLSI-TMC 128.59 16.60 482 
SLGI-A Bi seo 9.86 482 
SESI-D 56.75 Vas 482 
SLSI-T" (133.00) (8.88) (6) 
SLSI-TA* (129 920) (9.98) (6) 


Criterion Measures 


HIFAMS LI2ce 5 12.45 471 
TOSA Bere 2) >) 4.49 404 

TOSA-CCS 6.50 Z2E00 404 

TOSA-ICS B37 2.74 404 
SCIENCE MARK 61.41 £3.95 482 
Tic. LOG 591 125-08 457 
TOUS-Ew 21.46 4.88 473 
TOUS-Jw 24.12 6.35 439 
SATS 206.50 24.83 477 
STEP 3o592 2) 306 


(See Appendix J for scores for all tests and sub-tests) 


“SESI-T and SLSI-TA scores are those reported by each 
teacher or teacher's associate, respectively. 
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TABLE 26 


NUMBER OF RESPONDENTS TO INSTRUMENTS 


IN THE SAMPLE CLASSES 


Teachers 


Instruments 


SLSI-1 


SLSI-Ta* 


6 
SLSI-S 482 
AIFAMS 471 
TOSA 404 
SCIENCE MARK 482 
TOs 457 
TOUS-Ew 473 
TOUS-—Jw 439 
SATS 477 


OLEP 


Total Possible 

Number of 

Respondents 48 We Sie) 95 7g | 41 482 
to Each 

Student 

Instrument 


4“ SESI-T and SLSI-TA scores are those reported by 
each teacher or teacher's associate, respectively. 


SY, 
Correlations 


Data from Table 25 are used in the following calculations of 
Pearson Product Moment Correlations and the probabilities that they are 


Zero. 


Predictor Scores 
Pearson product moment correlations between the various pairs of 
scores given by the SLSI-S instrument were given earlier in Table 14 and 


discussed at that time. 


Criterion Measures 

Table 27 gives the correlations between pairs of criterion 
measures. 

An aim of the study is to classify students in various ways by 
using the predictor measures and then to check results of these classi- 
fications in affective and cognitive domains (see Figure 2). The cor- 
relations among the criterion measures indicate that somewhat distinct 
areas are being measured. STEP, I. Q., Science Mark and TOUS may all 
be described as primarily in the cognitive domain in that they show 
relatively high inter-correlations from 0.47 to 0.66. On the other 
hand, HIFAMS described as a measure in the affective domain correlates 
to a very small degree with these measures. The largest correlation 
between HIFAMS and the cognitive group of instruments is 0.23 indicating 
it may be measuring a different domain. TOSA seems to be somewhere 
between HIFAMS and the former group but probably is measuring more in 


the cognitive domain than the affective domain. The status of SATS is 
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of question in that its highest correlation is with HIFAMS but it is 
negative. In fact, SATS correlates negatively with all other measures. 
It is suspected that several variables including the length of SATS 
affected student responses. The correlations of SATS and the other 
measures indicate it is very questionable with respect to concurrent 
validity. It is doubtful that the total test score can be meaningfully 
interpreted and will, to a large degree, be utilized in a minor way in 
the rest of the present study. 

The results of these correlations appear to support an objective 
of the study: to measure student attributes in not just the cognitive 
domain but in the affective domain as well. In addition, instruments 
such as TOUS and TOSA expand the areas traditionally considered in the 
cognitive domain by exploring students knowledge of the nature of 


science and scientists. 
Tests of Stated Hypotheses 


Each of the hypotheses posed in Chapter I is considered in this 
section. 

Hypotheses are tested either by analysis of variance, or analysis 
of variance and analysis of covariance using I.Q. as the covariate. In 
certain cases it is desirable to know if differences between criterion 
Means remain after a statistical adjustment has been made for the effects 
of the covariate. These methods use the criterion that the pio bapeaney 
of rejecting the null hypothesis when it is true should not exceed 0.01 


or 0.05 for any of the comparisons. 
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Assumptions Underlying the Analysis of Variance 

1. The sampling within groups should be random, such that the 
distributions of the variables in the populations from which 
the samples are drawn are normal. A problem exists here when 
the samples are fairly small; it is usually not possible to 
"rigorously demonstrate lack of normality in data" (Ferguson, 
1966, p. 294). The results of departure from normality 
frequently make the results appear somewhat more significant 
than they are. In interpreting these results a more rigorous 
level of confidence than usual may be employed. 

2. The variances from within the various groups must be approxi- 
mately equal, that is, there is homogeneity of variance. Since 
the within-groups mean square is commonly the denominator of 
F-ratios, it must be a reasonably accurate approximation of the 
population variance in each case. 

3. The effects of various factors on the total variation are addi- 
tive. Deviations between and within groups are assumed to be 
independent and additive to give the total variance. (Ferguson, 
1966, pp. 294-295; Guilford, 1965, p. 274). 

The following hypotheses can be tested using the analysis of 
variance procedure provided the above assumptions are considered. Where 
small cell sizes exist the level of rejection of the null hypotheses are 
particularly noted and the degree of homogeneity of variance is reported. 


Hypothesis 1 (H,): 


There is no significant difference between TMC scores for 
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teachers classified as high inquiry-oriented and teachers classified as 
low inquiry-oriented as indicated by each of the rating methods: teacher, 
student, téacher's associate. 

To test this hypothesis classrooms were separated into treatment 
groups as indicated in Table 20, and pairs of means tested by analysis 
of variance. The data in Table 28 resulted. 

The data pass the homogeneity of variance test and significant 
differences (p<.001) occur in all three comparisons; Hypothesis Hy is 
rejected and it thus seems warranted to use each of the three methods of 
separating classrooms for further comparisons. 

Hypothesis 2 (H,): 

When teachers are ranked as high inquiry or low inquiry-oriented 
by their students, themselves or an associate there are no significant 
differences between the students of the two resultant groups in each 
classification as indicated by the criterion measures: HIFAMS, TOSA, 
Science Mark, I. Q., TOUS-Ew, TOUS-Jw, SATS. 

To test this hypothesis classrooms were separated into treatment 
groups as indicated in Table 20 and students in the high inquiry-oriented 
groups were compared with students in the low inquiry-oriented groups on 
each of the criterion measures by analysis of variance. The results of 
this analysis appear in Table 29. A summary of the significant dif- 
ferences at the 0.05 or 0.01 level is given in Table 30. 

Very few significant differences were observed: HIFAMS scores 
were significantly different when the rating of TMC was by the student 


or the teacher and in each case students from teachers classified as 
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TABLE 30 
SUMMARY OF SIGNIFICANT DIFFERENCES BETWEEN STUDENTS OF TEACHERS 
CLASSIFIED AS LOW INQUIRY-ORIENTED AND STUDENTS OF TEACHERS 
CLASSIFIED AS HIGH INQUIRY-ORIENTED FOR EACH OF THE 
THREE RATING METHODS 
Rating Method 
Criterion 
Measure 
Student Teacher Teacher's Associate 

HIFAMS si ie 
TOSA TOTAL 

TOSA-CCS 

TOSA=ICS 
SCIENCE MARK 
OR ‘ 
TOUS-Ew 
TOUS-Jw 


SATS a* 


II 


** Indicates significance at the .01 level. 
* Indicates significance at the .05 level. 
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high inquiry-oriented scored higher than students from teachers classified 
as low inquiry-oriented. SATS scores for students from teachers with low 
TMC scores were significantly penber than those from teachers with high 
TMC scores when rated by students. I. Q. differs only under the student 
classification method and then only at the 0.05 level and in favor of the 
students whose teachers obtained higher TMC scores. 

These results differ considerably from those obtained in the pilot 
study in that few significant differences were found here. It still ap- 
pears, however, that the student classification of the classroom may be 
the best for predictive purposes in so far as student cognitive and af- 
fective behaviors are concerned but that oe teacher's associate is of 
little value in this regard. As in the pilot study classroom averages 
were used for student assignment of TMC scores to their teacher. It is 
tenable that utilization of classroom average TMC scores is not the most 
desirable methodology for relating TMC to student behaviors but that the 
individual student within the classroom should be considered. 

The hypothesis that neither students, teachers nor teacher's 
associates can be used to predict relationships between TMC and student 
behaviors is rejected only for student and teacher classification 
methods and then only for predicting scores on HIFAMS, I. Q. and SATS 
using the student rating method and HIFAMS using the teacher rating. 
Hypothesis 3 (H,): 

Ha. When students are classified as desiring either a high 
inguiry-oriented science learning situation or a low inquiry-oriented 
science learning situation the two resultant groups show no significant 


differences in their performance on the cirterion measures: HIFAMS, 
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TOSA, Science Mark, TOUS-Ew, TOUS-Jw, SATS or STEP. 

Hb. When students are classified as desiring either a high 
inquiry-oriented science learning situation or a low inquiry-oriented. 
science learning situation the two resultant groups will show no signifi- 
cant difference in their performance on the criterion measures: HIFAMS, 
TOSA, Science Mark, TOUS-Ew, TOUS-Jw, SATS, or STEP, when I.Q. is used 
as a covariate. 

Table 31 gives the SLSI and I.Q. scores for students in each of 
the two groups: desire for a high ingquiry-oriented science learning situ- 
ation (Group H) and desire for a low inquiry-oriented science learning 
situation rateee L). It appears that I.Q. scores for the two groups are 
Significantly different indicating the necessity for testing for this dif- 
ference and the utilization of analysis of covariance with I.Q. as 
covariate. 

Table 32 shows the distribution of students from each group in 
each classroom. The reader is reminded that the total sample of 482 
students was ranked by their D-scores independently of their classrooms 
and the top and bottom thirds (Table 21) were utilized to test this 
hypothesis. Hence the summary presented in Table 35 is an indication of 
the degree to which each classroom contributed students to each group: 
desire for a high inquiry-oriented classroom or a desire for a low 
inguiry-oriented classroom. It appears that about half the students in 
each classroom desire a low inquiry-oriented approach and half a high 
inquiry-oriented approach. Since these students represent the top and 
bottom thirds of students with respect to desire for inquiry-orientedness, 
it seems reasonable to assume heterogeneous classrooms contain students 


desiring a continuum of inquiry-orientedness. 
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TABLE 32 
NUMBER OF STUDENTS OF EACH TEACHER WHO DESIRE HIGH INQUIRY- 


ORIENTEDNESS (H) AND LOW INQUIRY-ORIENTEDNESS (L) 


GROUP 

TEACHER H L 
A 20 9 

B 19 24 

ey 18 2d 

D 27 29 

E 64 76 

F 14 22 
TOTAL 162 161 
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In addition to the total test scores from the criterion instru- 
ments the analysis also included subtests of HIFAMS and TOSA yielding 15 
“oriterion measures in all. The results of analysis of variance and 
analysis of covariance are presented in Tables 33 and 34 as well as the 
Bartlett-Box tests of homogeneity of group variances. With respect to 
homogeneity of variance only SATS need be suspect under the analysis of 
Variance procedure. Seven of the instruments show lack of homogeneity 
of variance at the 0.02 level under the analysis of covariance treatment. 
The 0.02 level may still be acceptable since, as Winer states, this 
test for homogeneity of variance is "oversensitive to departures from 
Mormataty” (1962, p. 96). 

A summary of Tables 33 and 34 is presented in Table 35, 6 En 
looking at test scores the students with the high D-scores (that is, 
those who prefer a high inquiry-oriented science learning situation) 
had higher marks on all criterion measures except SATS. When tested 
by analysis of variance, nine of these 15 differences were significant 
at the 0.01 level and two at the 0.05 level. When I. Q. was used as 
covariate five of the significant differences become non-significant and 
two non-significant differences become significant. Analysis of covari- 
ance did not change the rank of any set of scores. That is, students 
who desire a high inquiry-oriented science learning situation perform 
Significantly better on eleven of the fifteen criterion measures when 
compared with students who desire a low inquiry-oriented learning situ- 
ation. I: Q. used as covariate did not change the rank of the two groups 


but did change which scores were significant. The criterion measures 
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which no longer showed significant differences for the two groups when 
I. Q. was used as covariate appear to be most closely related to the 
cognitive domain: Science Mark, STEP, noBA-cCs and the TOUS tests. Tests 
which became significant when I. Q. was used as covariate appear to be 
more related to the affective domain: TOSA-ICS and HIFAMS Factor Five. 
It seems students who desire a high inquiry-oriented science 
learning situation perform somewhat better in both cognitive and affec- 
tive domains than students who desire a low inquiry-oriented science 
learning situation. The difference in I. Q. scores between the two 
groups accounts for most of the differences between them in the cogni- 
tive domain but not in the affective domain where removal of I. QO. asa 
covariate adds to the tests which measure significant differences bet- 
ween the groups. These results of these tests help interpret which 
instruments are measuring in which domain and support earlier reported 
correlations. 
The results obtained from SATS, for reasons discussed earlier, 
as well ag lack of homogeneity of variance are not being interpreted. 
Hypothesis 3a is rejected for six of the seven total test scores: 
HIFAMS, SATS, Science Mark, STEP, TOUS-Ew and TOUS-Jw. It is also re- 
jected for five of the eight subtest scores: HIFAMS Factors 2, 3, 4 
and 6 and TOSA-CCS. 
Hypothesis 3b is rejected for two of the seven total test scores: 
HIFAMS and SATS. It is also rejected for six of the eight subtest scores: 
HIFAMS Factors 2, 3, 4, 5 and 6 and TOSA-ICS. 


Hypothesis 4 (H,): 


When students are classified as being either matched or not 
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matched to their science learning situation there are no significant 
differences among the four resultant groups as indicated by their: 
a. Desired science learning situation or D-scores, 
b. aetna science learning situation or, 
c. Discrepancy scores (D-a). 

The objective of Hypotheses 4 and 5 is to test the scores resul- 
ting from the SLSI-S instrument for groups of students matched or not 
matched to their environment. 

Utilization of the student groups as described in Table 21 and 
their Discrepancy scores (D-A) enables the reclassification of Group H, 
(Table 31) students who desire a high inquiry-oriented environment, 
into those who are receiving this desired situation and those who aren't. 
Similarly, imposing Discrepancy scores (D-A) on Group L (Table 31), re- 
classifies this group into students who desire a low inquiry-oriented 
environment and are receiving it and students who desire a low inquiry- 
oriented environment and are not getting what they desire. The result 
PeGhis Splrtcting Is outlined in Table 22.  Table.36|summarizes the 
SLSI and I. QO. scores for these four groups. 

As expected, the groups matched to their environments (1 & 3) 
have the low discrepancy scores (D-A) and the groups not matched to their 
environments (2 & 4), have higher discrepancy scores. Group 4 which 
consists of students who desire high inquiry-oriented environment (high 
D-score) are in a low inquiry-oriented situation (low A-score) as indica- 
ted in Table 1. However, Group 2 who desire a low inquiry-oriented situ- 


ation (low D-score) don't perceive their environment as high inquiry- 
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oriented (high A-score) but as lower than that desired (low A-score). 

The Group 2 situation can be interpreted as indicating that the 
students in this group desire a teacher who exhibits the variety of 
characteristics described in SLSI-TMC to a low degree, but they do desire 
a teacher who exhibits them to some degree. These students may have 
teachers who use only one method of presentation; such a teacher would 
score very low on the SLSI-TMC or SLSI-A subtests. That-this is the case 
is indicated in Table 36. A relatively wide range in I.Q. scores for: the 
four groups is also indicated; these should be considered in further 
analyses. That these scores are significantly different at the 0.01 level 
is shown by analysis of variance and the results are presented in 
Appendix kK. 

The Bartlett Test (Table 37) shows there is lack of homogeneity 
of group variances for all three comparisons (p< 0.01). This violates 
one of the assumptions underlying the analysis of variance (Ferguson, 
1966, p. 294). Both Ferguson (1966, p. 295) and Winer (1962, p. 96) 
indicate analysis of variance may still be used since the homogeneity 
tests are oversensitive to departures from normality of the distributions 
and reasonable departures from the assumptions may occur without serious- 
ly affecting the validity of inferences drawn from the data. A desirable 
feature of the data in the present study is the reasonably large and 
equal cell n's (Winer, 1962, p. 95). Comparing the actual values (Table 
36) indicates a reasonable consistency between most pairs of variances. 
In addition, one might suspect differences in variances in these tests 
Since they are predictor variables and should reflect group differences. 


Perhaps analysis of variance should not be used to reveal differences 
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between these scores but two further considerations may make its use 
acceptable: 1) the probability level at which differences are found and 
2) homogeneity of variance in the criterion measures. 

Results of the analysis of variance of the three scores for the 
four groups are given in Table 37. 

Scheffe Multiple Comparisons (Table 38 and Appendix L) show the 
only SLSI-S subtest difference between individual groups not significant 
at the 0.001 level is the A-score between Groups 2 and 4. This indicates 
Groups 2 and 4 do not perceive their actual science learning situations 
as significantly different. 

Of primary significance are the D-scores; to the degree that 
these are significantly different for each group and are higher for 
those groups indicating a desire for a high-ingquiry oriented environment 
the content validity of SLSI-S is strongly supported. These differences 
were all significant at p<0.001. In addition these scores indicate 
each group desires a significantly different science learning situation. 

The null hypothesis is rejected in all cases except for the A- 
score between Groups 2 and 4, that is, the four groups have significantly 
different scores indicating the type of environment they desire and the 
degree to which they are matched with it. In only one case do two of 
the groups have similar scores and that is their perception of the actual 
science learning situation. These two groups are the ones not matched 
to their desired science learning situation and although Group 2 desires 
a low inquiry-oriented science learning situation and Group 4 desires a 


high inguiry-oriented science learning situation both groups perceive 
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their actual situation as the same. Further, they perceive their actual 
situation as very low in inquiry-orientedness. A possible explanation 
for this was mentioned above; the students may have teachers who use 
only one method of presentation. 

Hypothesis 5 (H,): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups when I. Q. is used as a 
covariate as indicated by their 

a. Desired science learning situation or D-scores, 
b. Actual science learning situation or A-scores, 
c. Discrepancy scores, (D-A). 

Table 39 presents the results of the analysis of covariance. 
Analysis of covariance left all significant differences as they were 
before I. QO. was used as covariate. Although the four groups appear to 
have different average I. Q. scores (Table 36) they have no relationship 
with the student's perception of their actual and desired science 
learning situation. This finding supports the content validity of the 
SLSI-S instrument. 

Table 40 presents the results of Scheffe Multiple Comparisons 
(Analysis of Variance is presented in Appendix K) on the significance of 
I. 0. in the four treatment groups. I. Q. scores are only significantly 


different at the 0.05 level between Groups 1 and 3: those matched with 


their environment. 
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TABLE 40 


SCHEFFE MULTIPLE COMPARISON MATRIX OF PROBABILITIES OF SIGNIFICANCE 


OF I. Q. IN THE FOUR TREATMENT GROUPS BASED ON DEGREE OF BEING 


MATCHED TO THE SCIENCE LEARNING SITUATION 
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Hypothesis 5 is rejected; I. Q. has no effect on the D, A and 
D-A scores. 

Hypothesis 6 (Ho): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups in their performance on the 
following criterion measures: HIFAMS, I. Q., SATS, Science Mark, STEP, 
TOSA, TOUS-Ew and TOUS-Jw. 

Table 41 presents the means and variances of the four treatment 
groups on each criterion measure. Table 42 presents the results of 
analysis of variance for the four treatment groups on each of the 
criterion measures. All criterion measures indicated homogeneity of 
variance as given by the Bartlett-Box test on the computer print-out 
(p>0.05) with the exception of SATS where p = 0.04. Nine of the fifteen 
criterion measures show significant differences: eight at the 0.01 
level and one at the 0.05 level. 

Hypothesis 6 is rejected for nine of the fifteen criterion 
measures. In addition, looking at the performance of the individual 
groups (Table 43) provides data for more detailed interpretation. 

Table 44 summarizes the findings from Tables 42 and 43. Where signifi- 
cant differences are found Group 3 most frequently had the highest score 
and Group 2 most ppemenely had the lowest score on the criterion 
measures. SATS, consistent with earlier discussion, again measured 
Oppositely to the other instruments. In the Scheffe Comparisons, Groups 


3 and 2, those matched with a high inquiry-oriented environment and those 
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not matched with a desired low inquiry-oriented environment, show signi- 
ficant differences on eleven of the fifteen measures; only TOSA and its 
two subtests plus HIFAMS Factor 6 show no significant differences between 
the two groups. Groups 1 and 4, those matched with a low inquiry- 
oriented environment and those not matched with a desired high inquiry- 
oriented environment, are most frequently alternating as the second and 
third ranked groups. When there are significant differences between 
Groups 1 and 4 it appears as if Group 4 most frequently does well on 
instruments with a strong cognitive component and Group 1 most frequently 
does better when there is an affective component. 

It appears that students who are matched with their desired 
‘environments (Groups 3 and 1) express positive attitudes about their 
environment but students who are high inquiry-oriented, as compared with 
students who are low inquiry-oriented, do better on cognitive instruments 
whether or not they are matched with their environment. 

Hypothesis 7 (H): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups in their performance on the 
following criterion measures: HIFAMS, I. Q., SATS.» «Se@ience Mark peSTEP; 
TOSA, TOUS-Ew and TOUS-Jw, when I. Q. is used as a covariate. 

The results of the analysis of covariance appear in Appendix M. 
Only two changes are noted when the four treatment groups are analyzed 


by analysis of covariance with I. Q. as covariate: HIFAMS Factor 3, 
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Program Importance, remains significant but only at the 0.02 level and 
TOUS-Ew shows no significant differences among the groups. 

Hypothesis 7 is rejected for eight of the fifteen criterion 
measures. That is, with one exception, the results of testing Hypothesis 
7 are the same as for He: except for TOUS-Ew, I. OQ. does not affect the 
performance of the four treatment groups on the criterion measures. 


These performances have already been discussed under Hypothesis 6. 
Summary From Testing Hypotheses 


The goal of the study was to develop a method of describing 
science learning situations in terms of teaching mode characteristics 
and subsequently use these descriptions to predict student behaviors 
in cognitive and affective areas. 

Some answers to the questions posed earlier under the statement 
of the problem are worthy of consideration. The pilot study indicated 
student's beestichs of their science learning situations were of value 
in predicting their classroom achievements. Subsequently, in the main 
study it was shown that all three reference groups, the student, the 
teacher and the teacher's associate produced scores which could be used 
to categorize teachers as high or low inquiry-oriented but that none of 
the classifications was particularly successful in predicting student 
behaviors. Both the student's and the teacher's ranking methods identi- 
fied those teachers whose students performed better on HIFAMS, indica- 
ting the students attitudes towards school. In both cases the students 


of the teachers rated as most inquiry-oriented performed better indicating 
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a positive relationship between students of teachers classified as 
inguiry-oriented by themselves or their students and the students’ 
attitudes towards their school. The teacher's associates' rankings of 
the teacher produced no predictive information. 

However, when the student and not the classroom was considered 
as the unit of classification, those students classified as desiring a 
high inquiry-oriented science learning situation did significantly 
better than students desiring a low inquiry-oriented science learning 
situation on ten of the fifteen affective and cognitive measures. 
Specifically, they performed better on HIFAMS and four of its subtests, 
Science Mark, STEP, TOSA-CCS, TOUS-Ew and TOUS-Jw. I. Q. had a slight 
effect on the results with the students desiring high inquiry-oriented 
having significantly higher I. Q.'s than those desiring low inquiry- 
oriented situations. Using I. Q. as a covariate eliminates most of the 
significant differences between the two groups on the cognitive measures 
(Science Mark, STEP, TOSA-CCS, TOUS-Ew and TOUS-Jw) but increases the 
Significant differences on affective measures. Affective measures 
showing significant differences between the groups include HIFAMS, HIFAMS 
Baecors 2, 3, 4, 5 and:6, and TOSA-ICS. 

After the students were classified as desiring a high or low 
inquiry-oriented science learning situation by being ranked on the basis 
of their D-scores they were reassociated with their teachers. All classes 
tested were split fairly evenly with respect to students desiring high 
inquiry-orientedness and students desiring low inquiry-orientedness. 


That is, the classes appeared to be reasonably heterogeneous with respect 


to this characteristic. 
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When students were subsequently divided into four groups indica- 
ting being matched or not matched to their desired degree of ingquiry- 
orientedness several significant differences in the groups were identi- 
fied. Students who desire and are matched to a high inquiry-oriented 
situation tend to perform best in all affective and cognitive areas. 
Students who desire high inquiry-oriented science learning situations 
but are not experiencing them tend to perform better than students who 
desire low inquiry-oriented situations and are experiencing them in 
cognitive areas but the reverse is true in affective areas. Students 
who desire low inquiry-oriented science learning situations and are not 
getting them tend to perform poorest in all measured areas. 

It appears that students who are matched with the science learning 
situation they desire perform well on instruments measuring affective 
attributes: they perceive an attempt is being made to meet their needs. 
Students who desire a high inquiry-oriented science learning situation 
have the ability to do well on cognitive instruments in spite of the 
system but do better if they are matched with the learning situation 
they desire. Students who desire a low inquiry-oriented science learning 
situation appear to require the most help from the system and if they 
don't receive it perform poorly in all areas. 

Table 32 showed that the classrooms were reasonably evenly split 
with respect to students who indicated a desire for high ingquiry-oriented- 
ness and students who indicated a desire for low inquiry-orientedness. 
Table 45 indicates this split no longer remains when students are classi- 
fied into the four groups which are matched or not matched with their 


environments. The students of each teacher appear to cluster together 
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NUMBER OF STUDENTS FROM EACH OF SIX TEACHERS IN EACH 


TEACHER 


TOTAL 


TABLE 45 


OF THE FOUR TREATMENT GROUPS 
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in Groups 1 and 3 or 2 and 4. That is, they group together into those 
who perceive their environment as the one they desire, whether it be 
low or high inquiry-oriented and those who perceive their environment as. 
undesirable. This trend is emphasized by the portrayal of these data on 
classroom type in Table 46. Interpreting Table 46, the teachers parti- 
Ccipating in the present study appear to operate in a science learning 
situation which can be categorized according to discrepancy scores as 
either matched or unmatched with that desired by their students. How- 
ever, it is suggested that this is not a dichotomous classification but, 
if a larger number of teachers were used, would show as a continuum as 
illustrated earlier in Figure 3. The data in Table 46 support this 

idea of a continuum as the percentage of students classified as matched- 
unmatched varies from 88:12 to 9:91. 

It appears that some teachers, to a significant degree, can and 
do cater to students who desire different learning styles in a given 
classroom. It also appears that the opposite may be the case. 

In addition, as a result of the student's classification of 
themselves (D-score), their actual science learning situation (A-score) 
and the discrepancy between the two (D-A), their results on previously 
identified measures in the affective and cognitive domains can be pre- 


dicted. These relationships are represented in the model in Figure 2. 
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TABLE 
PERCENTAGE OF STUDENTS FROM EACH TEACHER CLASSIFIED AS BEING 


IN MATCHED OR UNMATCHED SCIENCE LEARNING SITUATIONS 


SCIENCE LEARNING SITUATION 


UNMATCHED MATCHED 
TEACHER (Groups 2 & 4) (Groups 1 & 3) 
A Lit Zo 
B oil 2) 
res 63 Ey: 
D 26 74 
E 30 Tl 


‘nek 


Mia er oek 
| 4 ‘ a a aan ry 


Bs yy 
e si ie 
ys 


CHAPTER V 
SUMMARY, CONCLUSIONS AND IMPLICATIONS 


The goal of this study was to develop a method of describing 
science learning situations in terms of teaching mode characteristics 
and subsequently to use these descriptions in predicting specified 
student cognitive and affective behaviors. To predict student cognitive 
and affective behaviors the usefulness of using the student, the teacher 
or a teacher's associate in rating the learning situation as high or low 
inquiry-oriented was investigated. Next a student's desire for high or 
low inguiry-oriented science instruction was used to predict resultant 
affective and cognitive behaviors and finally the degree of match of a 
student's desire for inquiry-orientedness and his actual science learning 
Situation was used as a predictor for the individual's cognitive and 
affective behaviors. Results of the analyses yield implications for 
methodologies of identifying teaching mode characteristics, relationships 
between desired learning situations and cognitive and affective attri- 
butes of students and results of matching students with their desired 
science learning situation. 

A model was presented to relate these interactions (Figure 2). 
The findings of the study in relation to this model are now presented. 
Subsequently the findings are discussed as they relate to the review of 


the literature. Finally implications and recommendations are given. 
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Results In Terms Of The Model For The Study 


The model on which the study was based (Figure 2) served to 


structure the hypotheses, the design and now to integrate the findings. 


Results in Terms of Hypotheses Tests 


The results of the tests of the hypotheses yield some answers to 
the questions posed in the section, "Significance of the Study". Further- 
more, these results augment and amplify key elements in the model rep- 
resentative of the study (Figure 2). 


1. Can the degree of inguiry-orientedness of a classroom be 
identified and related to any criterion measures? 


Hypothesis 1 indicated the degree of inquiry-orientedness of a 
classroom could be identified by each of the three methods: teacher, 
teacher's associate and student. However, as indicated by the results 
of Hypothesis 2, when the classroom is used as the unit of comparison 
only results in the affective domain as indicated by student's attitudes 
towards his school and predicted by students or teachers are significant. 
In each case classrooms classified as high inguiry-oriented had more 
positive results than classrooms classified as low inquiry-oriented. 


2. Do different groups, e.g. teachers, students and external 
evaluators view a given teaching-learning situation 
equivalently? 


Hypothesis 1 would indicate these different groups do not view a 
given classroom equivalently. This idea is supported by the results of 
Hypothesis 2 in which high inquiry-oriented classes identified by each 
of the rating groups (teachers, students, teacher's associates) were 


compared with their low inquiry-oriented counterparts on each of the 
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criterion measures. Different results were obtained from each method of 
classification. The predictive ability of the perception of each group 
is also indicated in that the classification as produced by the teacher's 
associate produced no significant differences on the araretion measures, 
but the student's and the teacher's classifications showed that the two 
resulting groups were significantly different with respect to their 
attitude towards their school. In each case the students in the classes 
identified as having high inquiry-oriented teachers had more positive 
attitudes than their low inquiry-oriented counterparts. When the 
students were used for classification of their teachers an additional 
significant difference between the two resulting groups occurred: 
students of teachers classified as higher in inquiry-orientedness had 
significantly higher I. Q. scores. 

For predictive purposes the different rating sources do not view 
the teachers similarly; none of the rating groups produced a large number 
of significant differences, particularly in the cognitive domain, as in- 
dicated by the criterion measures. 


3. Do different students desire different learning environments, 
and, if they do, what is the effect of this desire on their 


achievements? 

The results of Hypothesis 3 indicate that students can be separ- 
ated into groups who either have a desire for high inquiry-oriented 
instruction or a desire for low inquiry-oriented instruction and that the 
students who desire high inquiry-oriented instruction do significantly 
better on most measures of affective and cognitive behaviors. Further, 


if I. Q. is used as covariate differences between these groups tend to 
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disappear in the cognitive domain but differences in the affective domain 
are increased. 

When the students in the present study were compared with respect 
to which teachers they had they were found to be about evenly split, 
that is, each classroom was relatively heterogeneous with respect to 
students desiring a low inquiry-oriented science learning situation and 
students desiring a high inquiry-oriented science learning situation. 


4. What is the effect of students being matched or not matched 
to their desired science learning situation? 


Hypothesis 4, 5, 6 and 7 deal with this question and the feasi- 
bility of classifying students as belonging to identifiable groups. 

Scores describing the science learning situation were obtained 
for the treatment group allowing their classification into one of four 
situations: matched or not matched with a high inquiry-oriented situa- 
tion; matched or not matched with a low inquiry-oriented situation. The 
results of these groupings proved to be significant: students matched 
with a high inquiry-oriented situation generally performed best on all 
criterion measures, students desiring a high inquiry-oriented situation 
but not receiving it did well on cognitive measures, students matched 
with a low inquiry-oriented situation did well on affective measures and 
students desiring a low inquiry-oriented situation, but not receiving 
it, generally achieved lowest scores on all measures. 


5. Is inquiry-oriented instruction a key pedagogical tool in 
science education? 


This study utilized characteristics of inquiry-oriented instruc- 


tion to classify teaching-learning situations and suggests several pos- 


sible answers to the posed problems. Of importance in considering this 
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question is the apparent ability of some teachers to deal with ida videal 
students at their desired level of inquiry-orientedness in a hetero- 
geneous situation and convercaie the inability of oerere tO adOvuso. 

Of significance when considering the above question are the 
ratings given to teachers by students desiring a low inguiry-oriented 
science learning situation but not getting it. These students indicated 
their teachers were actually providing lower inquiry-orientedness than 
they desired. Two implications are suggested by this finding: 1) In 
general, most students desire their teachers to exhibit the variety of 
instructional characteristics portrayed in the "Science Learning Situa- 
tion Inventory" but to different degrees, and 2) Some teachers tend to 
use only one mode of instruction such as dictating notes and thus score 
very low on a science learning situation inventory of teaching strate- 
gies and do not provide adequately for any group of students. There is 
probably a desirable range in which teachers should operate as indicated 
by the scores of the students on their preference for an inquiry-oriented 
science learning situation; this range appears to be approximately 2.9 
to 4.2 on a five point scale where 5 indicates high ingquiry-orientedness 
(Table 36). This situation is depicted in Figure 3. 

In addition, as earlier stated, some teachers appear to have the 
flexibility to cater simultaneously to student desires whether they be 
for a high inquiry-oriented science learning situation or a low inquiry- 
oriented science learning situation; others appear not to have this 
ability. However, it is most probable (as indicated in Table 41) that 
this is not a dichotomous situation but on a continuum; some teachers 


have more skills than others to identify and react appropriately to 
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individual student differences. Teachers can probably be viewed as 
being on a scale of continuous variation of abilities to deal with 


individual student differences as indicated in Figure 4. 


Per cent of students with 
which teacher is matched. 
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Per cent of students with 
which teacher is not matched. 
Figure 4 


Teaching Mode Characteristics Matching Continuum 


Where on this scale a given teacher should be placed can be 
identified with instruments from this study. With this information 
Suggestions could be made as to the desirability of changes in the 
teaching mode and analysis of students responses on the instrument 


might indicate the nature of the changes desired. 


Summary of Test Results 

Predictor Instrument. The SLSI-S instrument appears to adequate- 
ly deal with the Teaching Mode Characteristics, Actual and Desired, 
component of the model (Figure 2). When the students were separated 
into four groups indicating whether they were or were not matched with 
the degree of inquiry-orientedness they desired the Desire (D), Actual 
(A), and Discrepancy (D-A) scores of each group were statistically 
shown to be significantly different. Students who were matched to 


their environments, Groups 1 and 3, had low Desire (D) scores and high 
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Desire (D) Beers respectively and perceived their teachers as having 
low discrepancies with their desired science learning situation. Con- 
currently Groups 1 and 4, who were not matched with their desires 
science learning situations had statistically high discrepancy scores. 
These findings indicate content validity of the instrument and the 
feasibility of using the scores for separating groups for subsequent 
analysis. 

Students who were not satisfied with their science learning 
situation and had the same teacher tended to give the teacher the same 
Actual (A) score despite having very different Desire (D) scores them- 
selves. This is also taken as an indication of the content validity of 
the Science Learning Situation Inventory. That is, one group of students 
indicated a desire for a high inguiry-oriented science learning situ- 
ation and another group indicated a desire for a low inquiry-oriented 
science learning situation. Both groups of students had the same 
teacher and agreed on their perceptions of their actual science learning 
situation. 

Criterion Measures. Low correlations among the criterion 
measures indicate they are likely measuring attributes from different 
domains. From the nature of the tests and these correlations it is 
suggested the variety of student characteristics sampled represent both 
the affective and cognitive domains. This indicates achievement of an 
Objective of the study: to identify and use instruments which measure 
student behaviors in both the affective and cognitive domains. The 


model representative of the study (Figure 2) includes these two domains 
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and results of the various hypothesis tests indicate which instruments 
probably measure behaviors in each domain. Instruments measuring 
student behaviors in the cognitive domain appear to include STEP, 
Science Mark, TOUS-Ew, TOUS-Jw, TOSA-TOTAL, TOSA-CCS. Student behaviors 
in the affective domain appear to be measured by TOSA-ICS, HIFAMS and 
its six factors. 

Summary. The model presented in Figure 2 appears to provide a 
conceptual framework for integrating the findings of the present study. 
These findings include the relevance of Teaching Mode Characteristics 
for describing science learning situations and their subsequent use as 
predictor variables for student behaviors. These student behaviors are 
shown to be identifiable in different domains: affective and cognitive. 
The effects of what a student desires in his science learning situation 
as well as the interaction between what he desires as compared with what 
he actually gets on his cognitive and affective behaviors are shown to 


be significant: these relationships are summarized in the model. 


Discussion Of The Findings From The Present Study 


In Relation To The Review Of The Literature 


The findings presented above are herein related to the topics 
from the review of the literature. 


Inquiry-oriented Instruction. The characteristics of inquiry- 


oriented instruction as gleaned from the literature and as reflected in 


the SLSI-S instrument resulted in a useful portrayal of important 


teaching-learning activities which go on in the classroom. An earlier 
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criticism of research on inquiry-oriented instruction was with the 
unnatural settings produced in establishing treatment groups. In the 
present study the teacher's natural style of instruction is used to 
rank him on a contimuum of inquiry-orientedness. This fi hod SAeay ipro- 
ved to be successful in establishing predictor scores which could be 
eer seea to student cognitive and affective behaviors. 

The utilization of natural ine shoe situations to define the 
degree of inquiry-oriented instruction is also important in that the use 
of the resultant instrument (SLSI-S) by other teachers is made practical. 
Norms for grade nine classrooms in Alberta are available from the pre- 
sent study. 

Is inquiry-oriented instruction desirable? As described above, 
students generally do desire inquiry-oriented instruction as defined 
by the instrument SLSI-S, but in varying deyrees: approximately 2.9 
to 4.5 on a five-point scale with 5 indicating the highest degree of 
inquiry-orientedness. However, inquiry-oriented instruction per se 
does not bss cone to be the crucial variable in determining student 
behavior but the students desire for inquiry-orientedness and whether 
or not he is actually in his desired science learning situation appear 
to be the crucial variables. 

Describing the Learning Situation. The learning situation can 
be described in terms of inquiry-orientedness as defined in this study; 
the source of the description appears to be an important variable. 
Elliot (1974) and the pilot study suggested the teacher's peer as a 
valuable potential source; Elam (1974), Purchit (1970), Thompson (1974), 


Rayder (1970), Costin and Menges (1971), Walberg (1969a) and the pilot 
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study support the position that the student's view is the most valid 
and reliable source of information about the science learning situation. 

As reported above, it appears none of the sources is very 
adequate when the classroom is taken as ore unit of study. However, 
the student's view of his science learning situation as an individual 
is valuable as a predictor of his affective and cognitive attributes. 

Relationships between Teaching Mode Characteristics and Student 
Attributes. Emmer (1974), Harrison and Westerman (1973), and Walberg 
(1969a) investigated relevant aspects of the student's view of his 
teaching-learning environment and supported the utilization of his view 
over Other possible sources as eee valid. The present study 
has augmented and built on their work by 1) defining and identifying 
characteristics of teaching modes, 2) identifying instructional activi- 
ties teachers can emphasize for different objectives (SLSI-S) and 
3) showing how these activities or characteristics relate to different 
student behaviors. 

The present study supports these reviewed studies in that, as 
presented above, the student's individual view of his science learning 
situation proved to be the most important in relating the Teaching 
Mode Characteristics to student affective and cognitive behaviors. 

Matching Students and Learning Situations. In addition to the 
questions and findings on the utilization of students to describe class- 
room learning situations (Emmer, 1974; Harrison and Westerman, LOTS; 
Walberg, 1969a, 1970), Hunt (1974) suggests matching students to their 


learning environment. The present study, as reported above, adds 
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information to the matching question in two ways: 1) by showing that 
_ students who prefer a high inquiry-oriented science learning situation 
most frequently perform better than students who prefer a low inquiry- 
oriented situation in both the affective and cognitive domains when 
I.Q. is not considered and in just the affective domain when I.Q. is 
used as covariate, and 2) when each group is matched or not matched to 
their desired environment the four resultant groups perform differently, 
with the high-matched group usually performing best on all affective 
and cognitive instruments, the high-unmatched group performing second 
best on cognitive-oriented instruments, the low-matched group performing 
second best on attitude-oriented instruments, and the low-unmatched 
group usually performing poorest on all instruments. These findings 
Darallel Hunt's (1974, p. 222) basic matching principle, “Low CL 
[conceptual level] learners profit more from high structure and high CL 
learners profit more from low structure or, in some cases, are less 
affected than low CL learners by variations in structure". The present 
study adds a major dimension to this finding by considering the affective 
domain. In this case the students matched with a low inquiry-oriented 
situation performed better than those students desiring, but not getting, 
a high inguiry-oriented situation. 

Hunt's definitions of high conceptual level and low structure 


are assumed to be similar to the definitions used in the present study 


for high inqguiry-orientedness. 


‘The Matching Model and Inquiry-Oriented Instruction. When class- 


rooms were checked to ascertain whether the students contained therein 
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predominantly preferred either high inquiry- or low inguiry-oriented 
instruction they were found to be predominantly heterogeneous (Table 32). 
However, when students were checked to see which teachers they had after 
being classified as matched or unmatched with either high or low inquiry- 
oriented environments, the students who claimed to be matched usually had 
one set of teachers and students who claimed to be unmatched had another 
set of teachers (Table 46). It appears some teachers adapt to a student's 
desired learning situation no matter what it is and others do not. The 
idea that teacher ability to adapt to student desires may be on a continu- 
um was previously discussed and illustrated (Figure 4). 

This finding of ability of teachers to adapt to a variety of 
student's desires constitutes a significant difference with respect to 
implications when compared with Hunt's matching model (1974, pp. 208- 
222). In Hunt's theory separate environments should be established to 
match the conceptual level of each student; in the present study teachers 
should be identified who can provide each student in a heterogeneous 
classroom with the learning situation he desires. In addition, a hetero- 
geneous classroom may be desirable so a student will be exposed to a wider 
variety of inquiry-orientedness. The idea that heterogeneous classrooms 
are potentially desirable is based on three points: 1) present study 
findings that indicate students who desire a high inquiry-oriented science 
learning situation tend to perform better on both cognitive and affective 
measures 2) lack of evidence that students remain at a given level with 
respect to desire for inquiry-orientedness, and 3) the possibility of a 


student operating at a higher level of inquiry-orientedness is more likely 
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to occur in a heterogeneous classroom where various levels are in 
operation than in a homogeneous setting where a student is not only 
matched to, but locked into, the degree of inguiry-orientedness he 
desires at a particular time. | 

Affective and Cognitive Domains. The series of tests used to 
measure student attributes, appear, as a result of their correlations, 
to be measuring somewhat distinct characteristics. From the content 
of the tests it appears both affective and cognitive behaviors are 
represented as identified above. Science course objectives usually 
indicate instruction should be provided in both affective and cognitive 
domains; the present study identified instruments which may be useful 
in measuring these objectives. 

The "Test on Scientific Attitudes" (Kozlow and Nay, 1976), one 
of the more thoroughly researched instruments, had one of the lowest 
discrimination abilities. One of the reasons could be that the curricu- 
.lum in operation lacks inclusion of topics measured by this test. An 
objective of the present study was to identify instruments which would 
allow evaluation of student behaviors in areas other than that tradi- 
tionally indicated by the "science mark". This test plus the others 
used in this study should be examined by teachers in relation to the 


objectives for their science courses and the science learning situations 


they provide. 


Implications For Science Educators 


The following points are recommended for consideration by 


science educators at all levels: 
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1. Areas other than the cognitive domain should be considered 
with respect to implications for instruction and evaluation. 
The present study identifies instruments which should be of 
use in expanding domains of evaluation and associated instruc- 
tional methods. In addition, Alberta provincial norms at 
the grade nine level are provided for each test. 

Not only do educators require a wide variety of instruments to 
measure student behaviors but provincial norms should be available on 
these instruments to aid in the consistency of student measurement 
throughout the province. That is, the teacher can not only check the 
achievement of his students but can compare his class results with norms 
indicative of the population. Feedback from this comparison can help 
the teacher identify areas in which the class may be particularly weak 
or strong. Such norms are of particular value to the many rural areas 
where class comparison with a larger population is difficult. 

2. Educators should be aware of the different learning situations 
desired by individual students and attempt to accommodate them 
by having a wide variety of teaching strategies. An important 
prerequisite for this consideration is that the teacher know 
the individual student well. Considerable teacher interaction 
with small numbers of students could be one method of facili- 
tating teacher knowledge of student science learning situation 
needs. As well, feedback from students can be obtained by 
use of instruments such as the "Science Learning Situation 


Inventory" which indicates the individual's desired science 
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learning situation and provides the teacher with information 
about his actual teaching mode characteristics. 

Prerequisite to the above is the training of the teacher. 
Teachers should be trained to identify degrees of inquiry-orientedness 
desired by individual students. Individuals being prepared as science 
educators should be aware of the findings of the present study. As such, 
these individuals should have knowledge of, and practice with, the 
variety of teacher characteristics identified in the Science Learning 
Situation Inventory. Central to these instructional strategies is 
knowledge of and use of the process skills (Nay and Associates, 1971) 
(Appendix B). These skills form a particularly fertile area for prac- 
ticing and implementing a variety of degrees of flexibility within a 
classroom. For example, one student may desire an experimental design 
which describes the procedure to be used in a series of numbered steps 
whereas a second student may wish to produce his own design; a continuum 
of degrees of student freedom exists between these two extremes. 
Similar situations exist for use of the other process skills and their 
use in totality. Implications for the practice of these skills extend 
to University courses teaching science or about science. 

Teacher inservice provided by science consultants, supervisors 
or university personnel is subject to the same suggestions. 

3. Since students who desire a high inquiry-oriented science 
learning situation perform better than students who desire a 
low inquiry-oriented situation, can any science learning 
activities be developed that motivate individuals to operate 


at a higher level of ingquiry-orientedness? 
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Recommendations For Further Research 


Research to provide answers to the following questions seems 
desirable. A suggestion regarding a possible research design follows 
each question. 


1. Can students increase in their desire for a high inquiry- 
oriented science learning situation? 


A pre- and post-test design could be used to investigate this 
question. Students could be given the SLSI-S questionnaire at the 
beginning of a science course and again at the end of.it to ascertain 
any Changes in their Desire (D) score. Instructors identified by their 
previous classes as being very perceptive as to student needs (low 
discrepancy scores) could be assigned to teach the classes (Figure 4). 

2. Can teachers be taught to effectively utilize a variety of 
degrees of inquiry-orientedness? Is this an objective of 
present teacher training courses? 

These questions could be treated as two separate research 
projects or combined. 

To test the second question teacher training courses could be 
Surveyed. 

To test the first gasselon teachers could be identified by use 
of the Science Learning Situation Inventory and those who receive large 
discrepancy scores take an in-service session designed to teach required 
instructional skills. These teachers could subsequently be tested by 
having their next classes again assign them discrepancy scores. 


Agencies providing in-service training should perhaps use this 


technique to ascertain their efficacy. 
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3. What function does and should the structure of the curriculum 
contribute to the degree of inquiry-orientedness of the 
classroom? 

Review of the literature indicated present curriculum contributes 
little to change a teacher's style of instruction. Therefore, this 
question is related to the previous one and suggests teacher in-service 
programs be designed to accompany curriculum implementation. The com- 
bination of an in-service program and a new curriculum could be researched 


as suggested for question two. 


4. Are degrees of desire for inquiry-orientedness related to 
I. Q. or Piagetian stages of development? 


The "Science Learning Situation Inventory" could be given to a 
set of classes along with tests identifying the Piagetian stages. In 
addition I. Q. tests could be administered. Correlations between pairs 
of variables should prove interesting. 


5. Is the desire for inguiry-orientedness related to age or grade 
level? 


The "Science Learning Situation Inventory" could be checked for 
grade level appropriateness and administered to the suggested grades. 
The proportion and degree of inquiry-orientedness desired at various 


grade levels could be ascertained. 


6. Are findings from this study true for other subject areas and 
grade levels? 


A parallel form of the "Science Learning Situation Inventory” 
could be developed and the design of the present study repeated. 
Instruments to measure student behaviors in the cognitive and affective 


domains would as in the present study, have to be identified or 


developed. 


mrolsohsiws, ae hs @ a Pe 
att eo case tnaenired 


eedudiataas a eae ‘nema * 6o\bith ont 


asi i nein aha ahingains ate sitet 


Satvibe-wk ovigeed ateocoue bie sno au0Dromty 


pa 
“eof 


eno GAM mGeetetsmis Tal) mats sane ae 


baiorisess sa BEuoo WirlLusitnas wom & one, Me 


é 


ob bitaios ezonthodsakrcewt ein 193 
[ireamad oveb 6 


=) 


Tiny csenssd erioksates tQD 


abs ty 10) awe, ot bednk 


‘ 


10% eddarioved hh Lescrayy : 
2abatr nas aisle 


BUOLIBY GE batt : 
ih Oe 


DAs eax dnakdge: . =e ie 


“WAS SievEm noiau 


210 


In addition to the above questions and research recommendations 
other suggestions may have potential. Further development of the 
instruments used in this study could contribute significantly to méasure- 
ment in, particularly, the affective domain. SATS and TOUS should be 
further factor analyzed and normed since they appear to have potential in 
areas which require testing instruments. Much of the value of these 
tests may be in their factors. 

The model (Figure 2) used in the present study could be used 
to guide further research with statistical analysis by factorial 
experiments to indicate interaction and main effects of the various 
SLSI-S subscores and, I. Q. or sex on the criterion measures. That is, 
more information may be obtained regarding interaction effects. A 
posteriori tests such as Scheffe Multiple Comparisons could follow. 
Studies of this type could take into consideration not only the high 
and low groups of students with respect to desire for inquiry-oriented- 
ness but refine the matching to a multi-grouped basis. For example, a 
certain score on SLSI-D could be used as a predictor instead of just the 
relative groupings used in the present study. That such matchings may 
be feasible is strongly indicated in the present study in that the two 
groups of students who were not matched with their desired science 


learning situation gave almost identical scores to their teachers. 
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not matched with a desired low inquiry-oriented environment, show signi-= 
ficant differences on eleven of the fifteen measures; only TOSA and its 
two subtests plus HIFAMS Factor 6 show no significant differences between 
the two groups. Groups 1 and 4, those matched with a low inquiry- 
oriented environment and those not matched with a desired high inquiry- 
oriented environment, are most frequently alternating as the second and 
third ranked groups. When there are significant differences between 
Groups 1 and 4 it appears as if Group 4 most frequently does well on 
instruments with a strong cognitive component and Group 1 most frequently 
does better when there is an affective component. 

It appears that students who are matched with their desired 
‘environments (Groups 3 and 1) express positive attitudes about their 
environment but students who are high inquiry-oriented, as compared with 
students who are low inquiry-oriented, do better on cognitive instruments 
whether or not they are matched with their environment. 

Hypothesis 7 (H): 

When students are classified as being either matched or not 
matched to their science learning situation there are no significant 
differences among the four resultant groups in their performance on the 
following criterion measures: HIFAMS, I. Q., SATS, Science Mark, STEP, 
TOSA, TOUS-Ew and TOUS-Jw, when I. Q. is used as a covariate. 

The results of the analysis of covariance appear in Appendix M. 


Only two changes are noted when the four treatment groups are analyzed 


by analysis of covariance with I. Q. as covariate: HIFAMS Factor 3, 
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Program Importance, remains significant but only at the 0.02 level and 
TOUS-Ew shows no significant differences among the groups. 

Hypothesis 7 is rejected for eight of the fifteen criterion 
measures. That is, with one exception, the results of testing Hypothesis 
7 are the same as for He: except for TOUS-Ew, 1. OQ. does not afrece. the 


performance of the four treatment groups on the criterion measures. 


These performances have already been discussed under Hypothesis 6. 
Summary From Testing Hypotheses 


The goal of the study was to develop a method of describing 
science learning situations in terms of teaching mode characteristics 
and subsequently use these descriptions to predict student behaviors 
in cognitive and affective areas. 

Some answers to the questions posed earlier under the statement 
of the problem are worthy of consideration. The pilot study indicated 
student's Pareencions of their science learning situations were of value 
in predicting their classroom achievements. Subsequently, in the main 
study it was shown that all three reference groups, the student, the 
teacher and the teacher's associate produced scores which could be used 
to categorize teachers as high or low inquiry-oriented but that none of 
the classifications was particularly successful in predicting student 
behaviors. Both the student's and the teacher's ranking methods identi- 
fied those teachers whose students performed better on HIFAMS, indica- 
ting the students attitudes towards school. In both cases the students 


of the teachers rated as most inquiry-oriented performed better indicating 
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a positive relationship between students of teachers classified as 
inquiry-oriented by themselves or their students and the students’ 
attitudes towards their school. The teacher's associates' rankings of 
the teacher produced no predictive information. 

However, when the student and not the classroom was considered 
as the unit of classification, those students classified as desiring a 
high inquiry-oriented science learning situation did significantly 
better than students desiring a low inquiry-oriented science learning 
situation on ten of the fifteen affective and cognitive measures. 
Specifically, they performed better on HIFAMS and four of its subtests, 
Science Mark, STEP, TOSA-CCS, TOUS-Ew and TOUS-Jw. I. QQ. had a slight 
effect on the results with the students desiring high inquiry-oriented 
having significantly higher I. Q.'s than those desiring low inquiry- 
Oriented situations. Using I. Q. as a covariate eliminates most of the 
significant differences between the two groups on the cognitive measures 
(Science Mark, STEP, TOSA-CCS, TOUS-Ew and TOUS-Jw) but increases the 
significant differences on affective measures. Affective measures 
showing significant differences between the groups include HIFAMS, HIFAMS 
BaeLOrs 2, 5,4, 5°and*6, and TOSA=ICS. 

After the students were classified as desiring a high or low 
inquiry-oriented science learning situation by being ranked on the basis 
of their D-scores they were reassociated with their teachers. All classes 
tested were split fairly evenly with respect to students desiring high 
inguiry-orientedness and students desiring low inquiry-orientedness. 


That is, the classes appeared to be reasonably heterogeneous with respect 


to this characteristic. 
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When students were subsequently divided into four groups indica- 
ting being matched or not matched to their desired degree of inguiry- 
oritentedness several significant differences in the groups were identi- 
fied. Students who desire and are matched to a high inquiry-oriented 
situation tend to perform best in all affective and cognitive areas. 
Students who desire high inquiry-oriented science learning situations 
but are not experiencing them tend to perform better than students who 
desire low inquiry-oriented situations and are experiencing them in 
cognitive areas but the reverse is true in affective areas. Students 
who desire low inquiry-oriented science learning situations and are not 
getting them tend to perform poorest in all measured areas. 

It appears that students who are matched with the science learning 
Situation they desire perform well on instruments measuring affective 
attributes: they perceive an attempt is being made to meet their needs. 
Students who desire a high inquiry-oriented science learning situation 
have the ability to do well on cognitive instruments in spite of the 
system but do better if they are matched with the learning situation 
they desire. Students who desire a low inquiry-oriented science learning 
situation appear to require the most help from the system and if they 
don't receive it perform poorly in all areas. 

Table 32 showed that the classrooms were reasonably evenly split 
with respect to students who indicated a desire for high inquiry-oriented- 
ness and students who indicated a desire for low inquiry-orientedness. 
Table 45 indicates this split no longer remains when students are classi- 
fied into the four groups which are matched or not matched with their 


environments. The students of each teacher appear to cluster together 
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OF THE FOUR TREATMENT GROUPS 
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in Groups 1 and 3 or 2 and 4. That is, they group together into those 
who perceive their environment as the one they desire, whether it be 

low or high ingquiry-oriented and those who perceive their environment as. 
undesirable. This trend is emphasized by the portrayal of these data on 
classroom type in Table 46. Interpreting Table 46, the teachers parti- 
cipating in the present study appear to operate in a science learning 
situation which can be categorized according to discrepancy scores as 
either matched or unmatched with that desired by their students. How- 
ever, it is suggested that this is not a dichotomous classification but, 
if a larger number of teachers were used, would show as a continuum as 
illustrated earlier in Figure 3. The data in Table 46 support this 

idea of a continuum as the percentage of students classified as matched- 
unmatched yaries from 88:12 to 9:91. 

It appears that some teachers, to a significant degree, can and 
do cater to students who desire different learning styles in a given 
classroom. It also appears that the opposite may be the case. 

In addition, as a result of the student's classification of 
themselves (D-score), their actual science learning situation (A-score) 
and the discrepancy between the two (D-A), their results on previously 
identified measures in the affective and cognitive domains can be pre- 


dicted. These relationships are represented in the model in Figure 2. 
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PERCENTAGE OF STUDENTS FROM EACH TEACHER CLASSIFIED AS BEING 


IN MATCHED OR UNMATCHED SCIENCE LEARNING SITUATIONS 


SCIENCE LEARNING SITUATION 


UNMATCHED 
TEACHER (Groups 2 & 4) 
A 77 
B 91 
@ 63 
D 26 
E 30 
F 1 


MATCHED 
(Groups 1 & 3) 
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CHAPTER V 
SUMMARY, CONCLUSIONS AND IMPLICATIONS 


The goal of this study was to develop a method of describing 
science learning situations in terms of teaching mode characteristics 
and subsequently to use these descriptions in predicting specified 
student cognitive and affective behaviors. To predict student cognitive 
and affective behaviors the usefulness of using the student, the teacher 
or a teacher's associate in rating the learning situation as high or low 
inquiry-oriented was investigated. Next a student's desire for high or 
low inquiry-oriented science instruction was used to predict resultant 
affective and cognitive behaviors and finally the degree of match of a 
student's desire for inquiry-orientedness and his actual science learning 
Situation was used as a predictor for the individual's cognitive and 
affective behaviors. Results of the analyses yield implications for 
methodologies of identifying teaching mode characteristics, relationships 
between desired learning situations and cognitive and affective attri- 
butes of students and results of matching students with their desired 
science learning situation. 

A model was presented to relate these interactions (Figure 2). 
The findings of the study in relation to this model are now presented. 
Subsequently the findings are discussed as they relate to the review of 


the literature. Finally implications and recommendations are given. 
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Results In Terms Of The Model For The Study 


The model on which the study was based (Figure 2) served to 


structure the hypotheses, the design and now to integrate the findings. 


Results in Terms of Hypotheses Tests 


The results of the tests of the hypotheses yield some answers to 
the questions posed in the section, "Significance of the Study". Further- 
more, these results augment and amplify key elements in the model rep- 
resentative of the study (Figure 2). 


1. Can the degree of inquiry-orientedness of a classroom be 
identified and related to any criterion measures? 


Hypothesis 1 indicated the degree of ingquiry-orientedness of a 
classroom could be identified by each of the three methods: teacher, 
teacher's associate and student. However, as indicated by the results 
of Hypothesis 2, when the classroom is used as the unit of comparison 
only results in the affective domain as indicated by student's attitudes 
towards his school and predicted by students or teachers are significant. 
In each case classrooms classified as high inquiry-oriented had more 
positive results than classrooms classified as low inquiry-oriented. 


2. Do different groups, e.g. teachers, students and external 
evaluators view a given teaching-learning situation 
equivalently? 


Hypothesis 1 would indicate these different groups do not view a 


given classroom equivalently. This idea is supported by the results of 
Hypothesis 2 in which high inquiry-oriented classes identified by each 


of the rating groups (teachers, students, teacher's associates) were 


compared with their low inquiry-oriented counterparts on each of the 
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criterion measures. Different results were obtained from each method of 
classification. The predictive ability of the perception of each group 
is also indicated in that the classification as produced by the teacher's 
associate produced no significant differences on the eeaeenion measures, 
but the student's and the teacher's classifications showed that the two 
resulting groups were significantly different with respect to their 
attitude towards their school. In each case the students in the classes 
identified as having high inquiry-oriented teachers had more positive 
attitudes than their low inquiry-oriented counterparts. When the 
students were used for classification of their teachers an additional 
significant difference between the two resulting groups occurred: 
students of teachers classified as higher in inquiry-orientedness had 
significantly higher I. Q. scores. 

For predictive purposes the different rating sources do not view 
the teachers similarly; none of the rating groups produced a large number 
of significant differences, particularly in the cognitive domain, as in- 


dicated by the criterion measures. 


3. Do different students desire different learning environments, 
and, if they do, what is the effect of this desire on their 


achievements? 


The results of Hypothesis 3 indicate that students can be separ- 
ated into groups who either have a desire for high inquiry-oriented 
instruction or a desire for low inquiry-oriented instruction and that the 
students who desire high inquiry-oriented instruction do significantly 
better on most measures of affective and cognitive behaviors. Further, 


if I. Q. is used as covariate differences between these groups tend to 
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disappear in the cognitive domain but differences in the affective domain 
are increased. 

When the students in the present study were compared with respect 
to which teachers they had they were found to be about evenly split, 
that is, each classroom was relatively heterogeneous with respect to 
students desiring a low inquiry-oriented science learning situation and 
students desiring a high inquiry-oriented science learning situation. 


4. What is the effect of students being matched or not matched 
to their desired science learning situation? 


Hypothesis 4, 5, 6 and 7 deal with this question and the feasi- 
bility of classifying students as belonging to identifiable groups. 

Scores describing the science learning situation were obtained 
for the treatment group allowing their classification into one of four 
situations: matched or not matched with a high ingquiry-oriented situa- 
tion; matched or not matched with a low inquiry-oriented situation. The 
results of these groupings proved to be significant: students matched 
with a high inguiry-oriented situation generally performed best on all 
criterion measures, students desiring a high inquiry-oriented situation 
but not receiving it did well on cognitive measures, students matched 
with a low inguiry-oriented situation did well on affective measures and 
students desiring a low inquiry-oriented situation, but not receiving 
it, generally achieved lowest scores on all measures. 


5. Is inquiry-oriented instruction a key pedagogical tool in 
science education? 


This study utilized characteristics of inquiry-oriented instruc- 
tion to classify teaching-learning situations and suggests several pos- 


Sible answers to the posed problems. Of importance in considering this 
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question is the apparent ability of some teachers to deal with individual 
students at their desired level of inquiry-orientedness in a hetero- 
geneous situation and conversely, the inability of ourere to do so. 

Of significance when considering the above question are the 
ratings given to teachers by students desiring a low inquiry-oriented 
science learning situation but not getting it. These students indicated 
their teachers were actually providing lower inquiry-orientedness than 
they desired. Two implications are suggested by this finding: 1) In 
general, most students desire their teachers to exhibit the variety of 
instructional characteristics portrayed in the "Science Learning Situa- 
tion Inventory" but to different degrees, and 2) Some teachers tend to 
use only one mode of instruction such as dictating notes and thus score 
very low on a science learning situation inventory of teaching strate- 
gies and do not provide adequately for any group of students. There is 
probably a desirable range in which teachers should operate as indicated 
by the scores of the students on their preference for an inquiry-oriented 
science learning situation; this range appears to be approximately 2.9 
to 4.2 on a five point scale where 5 indicates high inquiry-orientedness 
(Table 36). This situation is depicted in Figure 3. 

In addition, as earlier stated, some teachers appear to have the 
flexibility to cater simultaneously to student desires whether they be 
for a high inquiry-oriented science learning situation or a low inquiry- 
oriented science learning situation; others appear not to have this 
ability. However, it is most probable (as indicated in Table 41) that 
this is not a dichotomous situation but on a continuum; some teachers 


have more skills than others to identify and react appropriately to 
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individual student differences. Teachers can probably be viewed as 
being on a scale of continuous variation of abilities to deal with 


individual student differences as indicated in Figure 4. 


Per cent of students with 
which teacher is matched. 


) 25 50 75 100 
Per cent of students with 100 75 50 25 a) 
which teacher is not matched. 

Figure 4 


Teaching Mode Characteristics Matching Continuum 


Where on this scale a given teacher should be placed can be 
identified with instruments from this study. With this information 
Suggestions could be made as to the desirability of changes in the 
teaching mode and analysis of students responses on the instrument 


might indicate the nature of the changes desired. 


Summary of Test Results 

Predictor Instrument. The SLSI-S instrument appears to adequate- 
ly deal with the Teaching Mode Characteristics, Actual and Desired, 
component of the model (Figure 2). When the students were separated 
into four groups indicating whether they were or were not matched with 
the degree of inqguiry-orientedness they desired the Desire (D), Actual 
(A), and Discrepancy (D-A) scores of each group were statistically 
shown to be significantly different. Students who were matched to 


their environments, Groups 1 and 3, had low Desire (D) scores and high 
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Desire (D) esree respectively and perceived their teachers as having 
low discrepancies with their desired science learning situation. Con- 
currently Groups 1 and 4, who were not matched with their desires 
science learning situations had statistically high discrepancy scores. 
These findings indicate content validity of the instrument and the 
feasibility of using the scores for separating groups for subsequent 
analysis. 

Students who were not satisfied with their science learning 
situation and had the same teacher tended to give the teacher the same 
Actual (A) score despite having very different Desire (D) scores them- 
selves. This is also taken as an indication of the content validity of 
the Science Learning Situation Inventory. That is, one group of students 
indicated a desire for a high inquiry-oriented science learning situ- 
ation and another group indicated a desire for a low inquiry-oriented 
science learning situation. Both groups of students had the same 
teacher and agreed on their perceptions of their actual science learning 
situation. 

Criterion Measures. Low correlations among the criterion 
measures indicate they are likely measuring attributes from different 
domains. From the nature of the tests and these correlations it is 


suggested the variety of student characteristics sampled represent both 


the affective and cognitive domains. This indicates achievement of an 


objective of the study: to identify and use instruments which measure 


student behaviors in both the affective and cognitive domains. The 


model representative of the study (Figure 2) includes these two domains 
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and results of the various hypothesis tests indicate which instruments 
probably measure behaviors in each domain. Instruments measuring 
student behaviors in the cognitive domain appear to include STEP, 
Science Mark, TOUS-Ew, TOUS-Jw, TOSA-TOTAL, TOSA-CCS. Student behaviors 
in the affective domain appear to be measured by TOSA-ICS, HIFAMS and 
its six factors. 

Summary. The model presented in Figure 2 appears to provide a 
conceptual framework for integrating the findings of the present study. 
These findings include the relevance of Teaching Mode Characteristics 
for describing science learning situations and their subsequent use as 
predictor variables for student behaviors. These student behaviors are 
shown to be identifiable in different domains: affective and cognitive. 
The effects of what a student desires in his science learning situation 
as well as the interaction between what he desires as compared with what 
he actually gets on his cognitive and affective behaviors are shown to 


be significant: these relationships are summarized in the model. 


Discussion Of The Findings From The Present Study 


In Relation To The Review Of The Literature 


The findings presented above are herein related to the topics 


from the review of the literature. 


Inquiry-oriented Instruction. The characteristics of inquiry- 


oriented instruction as gleaned from the literature and as reflected in 


the SLSI-S instrument resulted in a useful portrayal of important 


teaching-learning activities which go on in the classroom. An earlier 
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criticism of research on inquiry-oriented instruction was with the 
unnatural settings produced in establishing treatment groups. In the 
present study the teacher's natural style of instruction is used to 
rank him on a contimuum of inquiry-orientedness. This nese hadi diag pro- 
ved to be successful in establishing predictor scores which could be 
eee atu to student cognitive and affective behaviors. 

The utilization of natural classroom situations to define the 
degree of inquiry-oriented instruction is also important in that the use 
of the resultant instrument (SLSI-S) by other teachers is made practical. 
Norms for grade nine classrooms in Alberta are available from the pre- 
Beene study. 

Is inquiry-oriented instruction desirable? As described above, 
students generally do desire inguiry-oriented instruction as defined 
by the instrument SLSI-S, but in varying degrees: approximately 2.9 
to 4.5 on a five-point scale with 5 indicating the highest degree of 
inquiry-orientedness. However, inquiry-oriented instruction per se 
does not — to be the crucial variable in determining student 
behavior but the students desire for inquiry-orientedness and whether 


or not he is actually in his desired science learning situation appear 


to be the crucial variables. 


Describing the Learning Situation. The learning situation can 
Describing tne Learning ofa’ 


be described in terms of inquiry-orientedness as defined in this study; 
the source of the description appears to be an important variable. 
Elliot (1974) and the pilot study suggested the teacher's peer as a 
Valuable potential source; Elam (1974), Purchit (1970), Thompson (1974), 


Rayder (1970), Costin and Menges (1971), Walberg (1969a) and the pilot 
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study support the position that the student's view is the most valid 
and reliable source of information about the science learning situation. 

As reported above, it appears none of the sources is very 
adequate when the classroom is taken as the unit of study. However, 
the student's view of his science learning situation as an individual 
is valuable as a predictor of his affective and cognitive attributes. 

Relationships between Teaching Mode Characteristics and Student 
Attributes. Emmer (1974), Harrison and Westerman (1973), and Walberg 
(1969a) investigated relevant aspects of the student's view of his 
teaching-learning environment and supported the utilization of his view 
over other possible sources as predictively valid. The present study 
has augmented and built on their work by 1) defining and identifying 
characteristics of teaching modes, 2) identifying instructional activi- 
ties teachers can emphasize for different objectives (SLSI-S) and 
3) showing how these activities or characteristics relate to different 
student behaviors. 

The present study supports these reviewed studies in that, as 
presented above, the student's individual view of his science learning 
situation proved to be the most important in relating the Teaching 
Mode Characteristics to student affective and cognitive behaviors. 

Matching Students and Learning Situations. In addition to the 
questions and findings on the utilization of students to describe class- 
room learning situations (Emmer, 1974; Harrison and Westerman, L973; 
Walberg, 1969a, 1970), Hunt (1974) suggests matching students to their 


learning environment. The present study, as reported above, adds 
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information to the matching question in two ways: 1) by showing that 
_ students who prefer a high inquiry-oriented science learning situation 
most frequently perform better than students who prefer a low inquiry- 
oriented situation in both the affective and cognitive domains when 
I.Q. is not considered and in just the affective domain when I.Q. is 
used as covariate, and 2) when each group is matched or not matched to 
their desired environment the four resultant groups perform differently, 
with the high-matched group usually performing best on all affective 
and cognitive instruments, the high-unmatched group performing second 
best on cognitive-oriented instruments, the low-matched group performing 
second best on attitude-oriented instruments, and the low-unmatched 
group usually performing poorest on all instruments. These findings 
Parallel Hunt's (1974, p. 222) basic matching principle, -"Low CL 
[conceptual level] learners profit more from high structure and high CL 
learners profit more from low structure or, in some cases, are less 
affected than low CL learners by variations in structure". The present 
study adds a major dimension to this finding by considering the affective 
domain. In this case the students matched with a low inquiry-oriented 
situation performed better than those students desiring, but not getting, 
a high inquiry-oriented situation. 

Hunt's definitions of high conceptual level and low structure 


are assumed to be similar to the definitions used in the present study 


for high ingquiry-orientedness. 


The Matching Model and Inquiry-Oriented Instruction. When class- 


rooms were checked to ascertain whether the students contained therein 
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predominantly preferred either high inquiry- or low ingquiry-oriented 
instruction they were found to be predominantly heterogeneous (Table 32). 
However, when students were checked to see which teachers they had after 
being classified as matched or unmatched with either high or low inquiry- 
oriented environments, the students who claimed to be matched usually had 
one set of teachers and students who claimed to be unmatched had another 
set of teachers (Table 46). It appears some teachers adapt to a student's 
desired learning situation no matter what it is and others do not. The 
idea that teacher ability to adapt to student desires may be on a continu- 
um was previously discussed and illustrated (Figure 4). 

This finding of ability of teachers to adapt to a variety of 
student's desires constitutes a significant difference with respect to 
implications when compared with Hunt's matching model (1974, pp. 208- 
222). In Hunt's theory separate environments should be established to 
match the conceptual level of each student; in the present study teachers 
should be identified who can provide each student in a heterogeneous 
classroom with the learning situation he desires. In addition, a hetero- 


geneous classroom may be desirable so a student will be exposed to a wider 


variety of inquiry-orientedness. The idea that heterogeneous classrooms 


are potentially desirable is based on three points: 1) present study 
findings that indicate students who desire a high inquiry-oriented science 
learning situation tend to perform better on both cognitive and affective 
measures 2) lack of evidence that students remain at a given level with 
respect to desire for inquiry-orientedness, and 3) the possibility of a 


student operating at a higher level of inquiry-orientedness is more likely 
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to occur in a heterogeneous classroom where various levels are in 
operation than in a homogeneous setting where a student is not only 
matched to, but locked into, the degree of inquiry-orientedness he 
desires at a particular time. | 

Affective and Cognitive Domains. The series of tests used to 
measure student attributes, appear, as a result of their correlations, 
to be measuring somewhat distinct characteristics. From the content 
of the tests it appears both affective and cognitive behaviors are 
represented as identified above. Science course objectives usually 
indicate instruction should be provided in both affective and cognitive 
domains; the present study identified instruments which may be useful 
in measuring these objectives. 

The "Test on Scientific Attitudes" (Kozlow and Nay, 1976), one 
of the more thoroughly researched instruments, had one of the lowest 
discrimination abilities. One of the reasons could be that the curricu- 
.lum in operation lacks inclusion of topics measured by this test. An 
objective of the present study was to identify instruments which would 
allow evaluation of student behaviors in areas other than that tradi- 
tionally indicated by the "science mark". This test plus the others 
used in this study should be examined by teachers in relation to the 


objectives for their science courses and the science learning situations 


they provide. 


Implications For Science Educators 


The following points are recommended for consideration by 


Science educators at all levels: 
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1. Areas other than the cognitive domain should be considered 
with respect to implications for instruction and evaluation. 
The present study identifies instruments which should be of 
use in expanding domains of evaluation and associated instruc- 
tional methods. In addition, Alberta provincial norms at 
the grade nine level are provided for each test. 

Not only do educators require a wide variety of instruments to 
measure student behaviors but provincial norms should be available on 
these instruments to aid in the consistency of student measurement 
throughout the province. That is, the teacher can not only check the 
achievement of his students but can compare his class results with norms 
indicative of the population. Feedback from this comparison can help 
the teacher identify areas in which the class may be particularly weak 
or strong. Such norms are of particular value to the many rural areas 
where class comparison with a larger population is difficult. 

2. Educators should be aware of the different learning situations 
desired by individual students and attempt to accommodate them 
by having a wide variety of teaching strategies. An important 
prerequisite for this consideration is that the teacher know 
the individual student well. Considerable teacher interaction 
with small numbers of students could be one method of facili- 
tating teacher knowledge of student science learning situation 
needs. As well, feedback from students can be obtained by 
use of instruments such as the "Science Learning Situation 


Inventory" which indicates the individual's desired science 
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learning situation and provides the teacher with information 
about his actual teaching mode characteristics. 

Prerequisite to the above is the training of the teacher. 
Teachers should be trained to identify degrees of inquiry-orientedness 
desired by individual students. Individuals being prepared as science 
educators should be aware of the findings of the present study. As such, 
these individuals should have knowledge of, and practice with, the 
variety of teacher characteristics identified in the Science Learning 
Situation Inventory. Central to these instructional strategies is 
knowledge of and use of the process skills (Nay and Associates, 1971) 
(Appendix B). These skills form a particularly fertile area for prac- 
ticing and implementing a variety of degrees of flexibility within a 
classroom. For example, one student may desire an experimental design 
which describes the procedure to be used in a series of numbered steps 
whereas a second student may wish to produce his own design; a continuum 
of degrees of student freedom exists between these two extremes. 
Similar situations exist for use of the other process skills and their 
use in totality. Implications for the practice of these skills extend 
to University courses teaching science or about science. 

Teacher inservice provided by science consultants, supervisors 
or university personnel is subject to the same suggestions. 

3. Since students who desire a high inquiry-oriented science 
learning situation perform better than students who desire a 
low inquiry-oriented situation, can any science learning 
activities be developed that motivate individuals to operate 


at a higher level of ingquiry-orientedness? 


WoL 


carrEene link. Aw! kauatdiieit Weld! weird hos nobsensdibe gt wine lt) 
Lan kial sedated ghon yaiianed pak 44 edie 
setened as’ te. making aid 2k eveds odd at « | 
ss alls Stoel *ko fame tpeb viktoehi of widinalens 
gonaios es (hetegead eitied elaobivirhal er is x sf re 
sous 2h . Ybuse Hewewy on ts weekbal® ots ‘to sews ab | 
oid \itiw epkioetq Bae to wpbelwoss evi bivatie’ al bi 
Pilictmed Qonshwe ied me bektitasst adkiabveIoeteds | é doe 
ab aatvedihie Lancliauntent seed oc faxing” Le otne 
CLVG! ,sadeiinotek Bris ysl) aiitde weoochy edt ‘Xo eeu 
“wai, “wee wend alkyset wlowehveq sign sxoak dead] 


nm 


i ie 


iy 
W 
i ‘ 


» nition wit tiniise ts lo eesiyeb Se gdelusy «palin 
. Ppkeob Loironiinsgke oo ashe’ inte tb 
eqns espn to aghxee @ wh bee od o° ecuthoon ait 8 
mgliAinos @ \aolieeh awe cht etbdag of ddl van anebasa! 
distr we coir went readied tel ne qobedts an 8 
sheds bos GLUE eReoetg aoMte ety Yo way Tor HK | 
Sido oH, eas to asttoing ofa ot anctosthigg 
ty Seonvlide duoda x0 eonston piidosad | 
cnorsivsoque omnes ewe Sng ate 4 
Dua ini tin wins 08 youtdve ut tertnotined! 
iid deblelaldiiana + «as saiaaaaeaill ny 
oa :heneanaadeuaiinmalaiatin cctameata Qaeda 
fede acokom ua ns Hott asd ie | z) 


} 
fh 


rf j 
it 


ny. 


il as we i} 
ol gi eh tr a © ay ce i : 
r ro i, ; ; : a y 
a i : ¥ : a ee 


208 


Recommendations For Further Research 


Research to provide answers to the following questions seems 
desirable. A suggestion regarding a possible research design follows 
each question, 


1. Can students increase in their desire for a high inquiry- 
oriented science learning situation? 


A pre- and post-test design could be used to investigate this 
question. Students could be given the SLSI-S questionnaire at the 
beginning of a science course and again at the end of.it to ascertain 
any changes in their Desire (D) score. Instructors identified by their 
previous classes as being very perceptive as to student needs (low 
discrepancy scores) could be assigned to teach the classes (Figure 4). 

2. Can teachers be taught to effectively utilize a variety of 
degrees of inquiry-orientedness? Is this an objective of 
present teacher training courses? 

These questions could be treated as two separate research 
projects or combined. 

To test the second question teacher training courses could be 
surveyed. 

To test the first question teachers could be identified by use 
of the Science Learning Situation Inventory and those who receive large 
discrepancy scores take an in-service session designed to teach required 
instructional skills. These teachers could subsequently be tested by 
having their next classes again assign them discrepancy scores. 


Agencies providing in-service training should perhaps use this 


technique to ascertain their efficacy. 


ASS, 


:, cnet aptarts 40%, emokishe 


sor ah, ‘ee hes : i 

omaee aN sruoten ef'3 an exaviin aioe ae xt 
! ae ee ae | 
ewoLiot et ciate sores orienos g onibanpad nousaneeue ) 
is Pome). 
} i ier 
| a nieth ¢ eli i a, 
—t"h ¥ uyoer: ont Roast Mees ru wm nea eet, eieenen y 

: Rohs autis ensketuety aoneked | 


i. hi 
2 cy aerate ook Beep) ect ism onlay sana ne 
prtd 26 alee Calbia BRS, oaks review ae whues 
qk aor ade Bele eds $e ah ~— = onstastat € 
Tot) ud batbgabk: eiotsutsenl  samopde Wa) a i 
HOU} lait via Snewita ch ae ORCUTT RENE idols hind eee Ls 
ine 
AY ORMRLI) Sade CL ety doged oy ‘heres etaiiuay tnosoee 
LO Vee Es 4s Ge hike ci Ada bh seein tas ar tried re wi 
US Sv ee a he are ek Sey natn y 9 to eesti ri 
Terie Whtedes: ere, 
Hongeass suai Od 6 thenshiieg yt at blues % 


BI My 


at BivoD) eeerho9 pansies seayycinees HoLIzewp ‘haces alt 3 
Hye = | rw Cra aa 


a 7 ae ” 
api yd par isneh, i all noltagup sent, oad parenre an 
ee mes a i ; oi 4 ¥ mh hei 
ante) bral ics Ae archi As Hick 8) PROMO wokauidate Pahnuted @onekee ¢ at) 
bert wy net dose int ‘ene Ab. fs Wwaes aoieisa-wi we . yoeumen 
. ima a al . 
Lich hotest, m ie af UTS Che i Araioest ogee 9 eb iihde, 
: ra | : ry 
/endse ue DEL melt cvlees nise aeeel> dxeaim beds pela 


aroRn a i RLS) gags. eastern Vist ar 
Tegel) Vay | / 1 % - 


209 


3. What function does and should the structure of the curriculum 
contribute to the degree of inquiry-orientedness of the 
classroom? 

Review of the literature indicated present curriculum contributes 
little to change a teacher's style of instruction. Therefore, this 
question is related to the previous one and suggests teacher in-service 
programs be designed to accompany curriculum implementation. The com- 
bination of an in-service program and a new curriculum could be researched 


as suggested for question two. 


4. Are degrees of desire for inquiry-orientedness related to 
I. Q. or Piagetian stages of development? 


The "Science Learning Situation Inventory" could be given to a 
set of classes along with tests identifying the Piagetian stages. In 
addition I. QO. tests could be administered. Correlations between pairs 
of variables should prove interesting. 


5. Is the desire for inguiry-orientedness related to age or grade 
level? 


The "Science Learning Situation Inventory" could be checked for 
grade level appropriateness and administered to the suggested grades. 
The proportion and degree of inquiry-orientedness desired at various 


grade levels could be ascertained. 


6. Are findings from this study true for other subject areas and 
grade levels? 


A parallel form of the "Science Learning Situation Inventory" 


could be developed and the design of the present study repeated. 


Instruments to measure student behaviors in the cognitive and affective 


domains would as in the present study, have to be identified or 


developed. 
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In addition to the above questions and research recommendations 
other suggestions may have potential. Further development of the 
instruments used in this study could contribute significantly to measure- 
ment in, particularly, the affective domain. SATS and TOUS should be 
further factor analyzed and normed since they appear to have potential in 
areas which require testing instruments. Much of the value of these 
tests may be in their factors. 

The model (Figure 2) used in the present study could be used 
to guide further research with statistical analysis by factorial 
experiments to indicate interaction and main effects of the various 
SLSI-S subscores and, I. Q. or sex on the criterion measures. That is, 
more information may be obtained regarding interaction effects. A 
posteriori tests such as Scheffe Multiple Comparisons could follow. 
Studies of this type could take into consideration not only the high 
and low groups of students with respect to desire for ingquiry-oriented- 
ness but refine the matching to a multi-grouped basis. For example, a 
certain score on SLSI-D could be used as a predictor instead of just the 
relative groupings used in the present study. That such matchings may 
be feasible is strongly indicated in the present study in that the two 
groups of students who were not matched with their desired science 


learning situation gave almost identical scores to their teachers. 
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CHARACTERISTICS OF AN INQUIRY-ORIENTED 


SCIENCE LEARNING SITUATION* 


———— a ea 


General Characteristics 


a 


ae 


ig 


A classroom where inquiry teaching and learning are taking place. 


Varying degrees, numbers and combinations of the characteristics 


are possible, hence varying "levels of inquiry" teaching and 


learning occur. 


Specific Characteristics 


Nature of Student Activities 


a. 


Students work independently a good deal of the time, either 
singly or in groups. 

There is considerable student-student interaction. 

There is considerable questioning going on (of each other and 
the teacher). 

There is considerable use of process skills such as determining 
ways of solving a problem, hypothesizing, gathering data and 
making inferences. (Nay and Associates, Science Education, 
LOT; pp. °1 97-201 .) 

Students operate at a higher cognitive level a good deal of the 
time: combine and/or transfer ideas, restructure knowledge, 


examine ideas critically, etc. 


* 


Prepared by M. A. Nay (1975) from a comprehensive survey of the 


literature on inquiry-oriented teaching. 
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Nature of Teacher Activities. The teacher 


a. 


Creates a free and open classroom climate, which however is 
continually under control. 

Circulates continuously among the students and gives individual 
attention to them. 

Motivates and stimulates students to pursue their own learning. 
Guides the learning of students and helps them to overcome 
difficulties. 

Is a resource person but does not give answers readily; guides 
students to sources of information. 

Does not act as an undisputed authority. 

Questions students a good deal of the time to evoke thought; 
generally will not accept a single answer if alternatives are 
possible. 

Pays attention to the development of acceptable affective 
behavior (attitudes, appreciations, etc.). 

Assesses student progress continually through observations, 


questioning, etc. 


Generally stays in the background when students are gainfully 


occupied. 


Nature of the Curriculum and Instruction. With respect to 
WACULE.OL wCRe CUT ICUL EY Ss 


curriculum and instruction: 


Cite 


Less adherence is given to a prescribed program, and more 


attention given to the local environment and interests of 


students. 
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There is less emphasis on coverage of content and more 
emphasis on the open-ended aspect of topics being taken up. 
There is more cooperative planning of work. 

Appropriate emphasis is given to each major domain of child 
development: content, process skills, affective behavior 
and psychomotor skills. 

Greater emphasis is placed on individualizing programs, 
coupled usually with independent study. 

"Mind-stuffing", memorization and expository teaching 
(lecturing) are de-emphasized. 

A proper balance is struck between conceptual learning 
(theory) and concrete experiences (practice). 

The learning activities are less structured both by the 
teacher and the text, with more emphasis given to inquiry, 
inductive learning (discovery) and problem solving. 

There is a greater variety of teaching-learning stimuli 


presented at an appropriate change of pace: lecturing, 


questioning, seatwork, experimentation, "inquiry into inquiry", 


use of process skills, use of multi-media, independent study, 


etc. 


Classroom activities tend to involve the higher cognitive 


skills in Bloom's taxonomy. 


: Hoe eat ett 
More emphasis is given to the "process of scientific inquiry 


underlying the concepts being studied. 


The main concern is with thought processes rather than with 


correctness and answers or explanations. 
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m. There is a greater tolerance of divergent views - dogmatism 
and authority are played down. However, students are encouraged 
to derive increasingly better answers or et planation by objec- 
tive examination of data, exploring alternatives and gathering 

Gass relative to new aspects which have arisen. 

n. Evaluation of student development covers the four major domains 
(point d above), the use of higher cognitive skills (point j 
above), and growth in skills such as questioning, working in 
group situations, independent study, etc. 

4. Nature of the Classroom. 

a. The atmosphere is more free and democratic; discipline is 
RELAXED but not LAX. 

b. Students work in a variety of locations (library, laboratory, 
Prela, home, ete.) 

c. The "classrooms" are filled with a variety of instructional 


materials (pictorial, laboratory equipment, audio-visual aids, 


specimens, etc.). 
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AN INVENTORY OF PROCESSES IN SCIENTIFIC INQUIRY* 


bowDr. M.A. Nay, et al. 


we INITIATION: 
1. Identifying and defining a problem 


(a) speculating about a phenomenon 
(b) identifying variables 
(c) noting and making assumptions 
(d) delimiting the problem 


2. Seeking background information 


(a) recalling relevant knowledge and experiences 
(b) doing literature research 
(c) consulting people 


3S. Predicting 
4. Hypothesizing 


5. Designing collection of data through field work and/or 
experimentation 


(a) defining the independent and control variables 

(b) defining the procedure and sequencing the steps 

(c) identifying needed equipment, materials and techniques 
(d) indicating safety precautions 

(e) devising the method for recording data 


fo COLLECTION OF DATA 
6. Procedure 


(a) collecting, constructing, and setting up the apparatus 
or equipment 

(b) doing field work and/or performing the experiment 

(c) identifying the limitations of the design (as a result 
of failures, blind alleys, etc.) and modifying the pro- 
cedure (often by trial-and-error) e- 

(d) repeating the experiment (for reproducibility, to over- 
come limitations of initial design, and more) 

(e) recording data (describing, tabulating, diagramming, 
photographing, and so on) 


* . > ees 
M. A. Nay and Associates, "An Inventory of Processes in Scientific 


Bagman,” SCAT Bulletin 9: 12-16, 1970. 
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Observing and observations 


(a) obtaining qualitative data (using senses) 

(b) obtaining semi-quantitative and quantitative data 
(measuring, reading scales, calibrating, counting 
objects or events, estimating, approximating) 

(c) gathering specimens 

(d) obtaining graphical data (charts, photographs, films, 
etc.) 

(e) noting unexpected or accidental occurrences (serendipity) 

(f) noting the precision and accuracy of data 

(g) judging the reliability and validity of data 


III. PROCESSING DATA 


&. 


2), 


oH OP 


Organizing the data 

(a) ordering to identify regularities 
(b) classifying 

(c) comparing 


Representing the data graphically 


(a) drawing graphs, charts, maps, diagrams 
(b) interpolating, extrapolating, etc. 


Treating the data mathematically 
(a) computing (calculating) 


(b) using statistics 
(c) determining the uncertainty in the results 


IV. CONCEPTUALIZATION OF DATA 


aL. 


ae 


Interpreting the data 


(a) suggesting an explanation for a set of data 

(b) deriving an inference or generalization from a set of data 

(c) assessing validity of initial assumptions, predictions, 
and hypotheses 


Formulating operational definitions 


(a) verbal 
(b) mathematical 


13. Expressing data in the form of a mathematical relationship 
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14. Incorporating the new discovery into the existing theory 
(developing a "mental model") 
OPENENDEDNESS 
15. Seeking further evidence to 
(a)) increase the level of confidence in the explanation or 
generalization 
(b) test the range of applicability of the explanation or 
generalization 
16. Identifying new problems for investigation because of 
(a) the need to study the effect of a new variable 
(b) anomalous or unexpected observations 


(c) incompleteness ("gaps") and inconsistencies in the theory 


17. Applying the discovered knowledge. 
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INSTRUMENT USED FOR CLASSROOM VISITATIONS 


BY EXTERNAL EVALUATORS 


Inquiry Teaching 


Instrument used and developed by 


B. 


Galbraith and G. Gay 


University of Alberta 


I. Description of Classroom Operation 


A. 


fasra Drarft 


Percentage of time spent in 
lectures and classroom 
discussions. 


vs 2 ) & ie) NA 


1. During the time indicated 
in A., what percentage of 
the talk is teacher talk? 


al 2 3 4 2 NA 


2. Teacher talk directed at 
the entire class causes 
inquiry activity on the 
part of the students. 
(i.e. teacher-talk 
emphasizes student use 
of cognitive skills). 


1 2 3 4 5 NA 


Teacher 
Date Topic 
Date Topic 
Observer 
COMMENTS 
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4 » 41 “EO 60 

5 61 “Eo “100 

EL. aU MLOnDOs 

2 << SL toes 

3 + 66, £0780 

4 . 81 to 90 

2) 5 91 VEO2L00 

4 Students become engaged in 


inquiry centered about their 
own question. 

Students become engaged in 
inquiry centered about 
teacher questions. 
Students attend to teacher 
inquiry. 

Students attend to teacher 
exposition. 

Students ignore teacher- 
talk. 
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C. 1. Percentage of teacher talk 


for teacher interactions 
with individuals and 
small groups. 


iH 2 3 4 5 NA 


(Same scale as B.1.) 


2. Teacher talk directed at 
the small groups causes 
inquiry acbhivity. 


il. 74 5} 4 b) NA 


(Small scale as B.2.) 


The teacher delegates res- 
ponsibility for obtaining 
equipment, performing 
demonstrations, operating 
equipment etc. rather than 
doing everything himself. 


dL 2) 3 4 ) NA 


delegates does not 
responsi- delegate 
bility responsibility 


Students are involved in 
exchanging and challenging 
each other's data, ideas, 
hypotheses, procedures, 

data processing, inferences, 
CtCartices agnatural 
activity) 


Ll 2 S 4 5 NA 
high low 
interaction interaction 


oe) 


COMMENTS 


The following comment may be 
used as a weighting factor in 
evaluating the importance of 
Cu Te rardaCuae. s 

Approximate percent of time 
teacher spends interacting with 
individuals or groups ... 


3 - The teacher delegates the 
job of handling equipment 
but supervises closely. 


1 - All ideas subject to group 
Criticism. 

- Some ideas exchanged and 
criticized. 

5 - No exchange of ideas. 
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F. The teacher exemplifies in 
his classroom behavior the 
kind of inquiry he wishes 
his students to display. 


i 2 3 4 5 NA 


G. Classroom organization and 
management are conducive 
to inquiry. 


i 2 2) 4 bs, NA 
conducive limiting 


II. Emphasis on and Student Involve- 
ment _in Specific Inquiry Skills 


(Processes) (Taba, Brandwein - 
Students should come to accept 
responsibility for ...) 


A. Formation of hypotheses 


1. Development of hypotheses 
is given significant 
attention as a step in 
problem investigation. 


a Z 3 4 5 NA 
subject to omitted 
cri tical 

attention 
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COMMENTS 


The teacher demonstrates a 
critical attitude towards 
all aspects of inquiry. 

The teacher demonstrates a 
critical attitude towards 
particular inquiry skills 
for occasional emphasis. 
The teacher is non-critical 
and haphazard in his use of 
inguiry skills. 


The learning environment is 
structured in such a way as 
to enable and encourage 
critical inguiry. 

The learning environment 
provides partial support 
for the involvement of stu- 
dents: in critical inguiry. 
The learning environment 
lacks a structure to support 
and encourage critical 
inquiry. 


Subject to clicical atcen— 
Elon. 

Understood by students. 
Ignored. 
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2. Students are involved in 
development of hypotheses. 


| 2 3. Boa 5 NA 


B. Development of procedures and 
experimental designs. 


1. Experimental design is 
given significant 
attention. 


Ms 2 5 4 5 NA 


2. Students are involved in 
the development of an 
experimental design and 
specific procedures. 


i 2 ES) 4 > NA 
Ss ST TS z 


C. Data Collection 


ie Collection of data is 
given significant atten- 
tion. (Completeness and 
accuracy are stressed and 
sufficient time is 
alloted.) 


a 2 8 4 eS) NA 
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COMMENTS 


l - Process undertaken indepen- 
dently by students (8S). 

2 - Process undertaken coopera- 
tively, student dominant 
CSP. 

3 - Process undertaken coopera- 
tively. . 

4 - Process undertaken coopera- 
tively, teacher dominant 
(ES9.3 

5 - Given to the students by the 
teacher (T). 


(Hereafter these points will be 
referred to by using the letters 
in parentheses only.) 


1 - Subject to critical atten- 
tion. 

2 - Understood by students. 

5 -— Ignored. 


(Not@esGbe? .CfCt22720e2., and 
E.2. follow the pattern of 
Ase 


1 - Subject to critical atten- 
t10n. 

3 - As required by the investi- 
gation. 

5 - Ignored. 


% of time spent in collecting 
data and related activities 
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D. Data Processing 


1. Processing of data is 
given significant 
attention. 


a) 2 3 4 5 NA 
emphasized omitted 


2. Students process their 
data on their own. 


Conceptualization of Data 


1. Interpretation of data is 
given significant atten- 
tion. 


B 2 eI 4 ©) NA 


2. Students interpret their 
data on their own. 


Open Endedness 


1. The student is encouraged 
to work towards his own 


answer to a problem rather 


than a given "correct" 
answer. 


wh oA eS) 4 5 NA 


no final answer 
answer predetermined 
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COMMENTS 


Subject to critical atten- 
tion. 

Some form of data proces- 
sing used. 

No data processing. 


Students process data by a 
procedure determined by 
their teacher. 

Data processing is done by 
teacher. 


Data interpreted critically. 
Data interpreted non- 
eriticaitys 

Data not interpreted. 


Interpretations restricted 
to answering highly specific 
teacher or textbook 
questions. 


Students to form individual 
conclusions. 

Concensus to be reached 
after investigation. 
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2. The student is encouraged 
to follow up his own 
ideas for further inves- 
tigations and to apply 
what he has learned in 
new ways. 


f. 2 S) 4 5 NA 
activity activity 
encouraged restricted 


Teacher Guidance in Use of 


Inquiry Skills 


Teacher-asked and teacher 

written questions exemplify 
to the student the sorts of 
questions he must ask of the 


' materials he studies and to 


find the answers he seeks. 
(i.e. to design suitable 
experiments and to process 
and interpret data, viz. 
cause inquiry.) 


1 2 S) 4 ) NA 
frequently seldom 


Student problems are dealt 
with by giving guidance and 
allowing time for students 
to reflect and weigh alter- 


natives rather than by giving 


an immediate "correct" 
answer. 


a VA 3 4 S) NA 
guidance answers 
only only 
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COMMENTS 


Il - Independent activity in 
class is encouraged. 

3 - Independent activities are 
permitted after school, but 
not in class except by 
specific request. 

5 - Independent activity is not 
permitted. 


l - The teacher asks skills 
questions only. 

3 - The teacher asks knowledge- 
questions as often as he 
asks skills questions. 

5 - The teacher asks questions 
of knowledge only. 


l - The teacher asks guiding 
questions and encourages 
students to find their 
own answers. 

3 - The teacher asks questions 
which clearly lead to a 
single "correct" answer. 

5 - Answers provided immediately. 
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C. The sequence of problems and 
the approach to the problems © 
is highly structured. 


ll 2 &} 4 5 NA 
flexible completely 
structured 


D. Students are encouraged to 
carry out investigations with 
a minimum of teacher 
dependence. (independent 
learning) 


a 2 3 4 5 NA 
complete complete 
independence independence 


IV. Use of Teaching Techniques and 


Materials 


A. The teacher uses a wide 
variety of approaches to 
teaching and a wide variety 
of sources of information. 
(i.e. techniques and 
materials ) (eg. varied use 
of discussions, films, field 
trips, labs, library research, 
etc.) 


many only 


B. The approaches used are 
appropriate for the develop- 
ment of inquiry in the 
particular topic. 


vA 2 3 4 5 NA 
appropriate inappropriate 
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COMMENTS 


l - Structure dependent on 
teacher-student inter- 
action. 

3 - Students conform to a 
relatively open structure. 

5 - Students follow directions 
only. 


1 - Students work independently 
on given problems. 

3 - Students work on problems 
according to procedures 
described by textbook or 
assignment sheets. 

5 - All activities are directed 
by the teacher. 


Quantity. 


Quantity. 
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cae COMMENTS 


C. The approaches used are Used appropriately. 
applied in such a way as to 
maximize their effective- 
ness in developing student 
inquiry. 


ZA 2 4 5 NA 
inquiry inquiry 
- maximized restricted 
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INDEX OF INQUIRY 
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Interpretation 10 --- highest inquiry score 
30 --- central score 


50 --- lowest inquiry score 
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STATEMENTS TO WHICH THE STUDENTS RESPONDED IN IDENTIFYING 


TMC IN THE PILOT STUDY 
S——S—SS=SSS93aeSSSSSS 


1. We spend more time working and doing things than the science teacher 
actually does teaching. 

Eeeewe get to study topics that are of interest to us. 

3. There are definite answers or conclusions to our experiments or lab 
work. 

4. When we have a science problem the teacher gives us the correct 
answer right away. 

5. Our science teacher uses many types of teaching. (e.g., discussion 
groups, films, overhead projectors, lab exercises, etc.) 

6. We perform a large variety of activities in our science class, e.g., 
listen to the teacher, solve problems, do lab work, work in the library, 
watch movies, discuss our work with other students, etc. 

7. We perform studies or parts of studies on our own with no help from 


the science teacher. 


8. We perform lab work in which we do not know if there is a correct 


answer before we begin. 


9. Our science teacher starts a new study by giving rules and general 


ideas. 


10. We learn about and practice the type of attitudes a scientist should 


have. 
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‘Fort Vermilion 


Peace River 
Fairview 
Spirit River 
Grande Prairie 
High Prairie 
East Smoky 
Yellowhead 
Lac Ste. Anne 
Barrhead 
Westlock 
Athabasca 

Lac La Biche 
Bonnyville 
Parkland 
Sturgeon 
Thorhild 
Smoky Lake 
St. Paul 
Parkland 
Strathcona 
Lamont 

Two Hills 
Vermilion River 
Leduc 
Camrose 
Beaver 
Wainwright 
Ponoka 
Flagstaff 
Provost 
Rocky Mtn. House 
Lacombe 
Stettler 
Paintearth 
Neutral Hills 
Red Deer 
Mountainview 
Three Hills 
Starland 
Rangeland 
Acadia 
Calgary 41 
Wheatland 
Drumheller 
Foothills 
Vulcan 

Newell 
Medicine Hat 
Willow Creek 
Lethbridge 
Taber 

Forty Mile 
Pincher Creek 
Cardston 
Warner 


Minburn 
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DIRECTIONS 


YOUR TEACHER NUMBER IS 


Six questionnaires or "tests" are included in the student booklet. 
You may have the students write as many as are feasible in the time 
periods you have. 


a. Please collect and keep together all answer sheets for each 
separate test. Stamped, self-addressed envelopes are included 
for each set of answer sheets. After each complete set of 
answer sheets is handed in, please put them into the envelope 
and mail. 


b. If a student does not complete a test in the time period allotted, 
you may collect the answer sheet and return it during the next 
testing period so he may complete it. 


Cc. Please collect all test booklets at the end of each testing 
period. 


Please tell the student your identification number and assign each of 
them a number. 


a. Teacher I.D. numbers will be changed when data is reported so 
anonymity is preserved. 


Please read the instructions on the front of the test booklet with the 
students and help them fill in the information called for at the top 
of the page. Also insure they are using HB pencils. 


Later STEP tests will be sent and Science marks and I.Q.'s will be 
requested. 


If you require additional information please write 


Gary Gay, 

9913B Richmond Avenue, 
Grande Prairie, Alberta, 
T8V OV1, 


or phone 532-0155 in Grande Prairie collect. 


Thank you for your cooperation. 
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SCIENCE ATTRIBUTE INSTRUMENTS 


: Enclosed in this booklet are several tests or questionnaires having 
to do with different aspects of science such as what you like or don't 
like about it. 


1. All the "tests" or questionnaires will be answered on special separate 
answer sheets using HB pencils only. Please do not write on the test 
booklet. 


2. You will use separate answer sheets for each "test". They can be 
obtained from your teacher. 


3. On the top of each answer sheet please put: 
a. Your name (and the number your teacher has assigned you). 
b. The name of the test. 


c. Your teacher's name. 


4. Please fill in the box in the upper right-hand corner in the following 
manner: 


a. The first blank: put the number corresponding to the name of the 
test you are writing. See the list below: 


OTN eee a we a ese Se le ee 
et OS = OPM EW <0, <6! s 4) 0 fer ser 8 1 
Sh 2 SESH) AS) NG ga ee ae eC es ee 
MGA Sete tee Ge -ee sie, ml eet 
SeeerOUG = 1FOrm WWrts ts 0) Ss ce es 
6) Test on the Nature 

Ov leb=yelel ty S ebe 1 Oe 


b. Put your student number (as assigned by your teacher) in the next 
two blanks. If your number is less than 10, please precede it 
with a 0. e.g. 7 would be recorded as 07. Please keep the same 


Mf . " 
number for all "tests" or "questionnaires . 


c. Put your teacher number in the last three blanks. If your teacher 
number is less than 10, precede it with 2 zeros; if it is greater 
than 10 but less than 100, precede it with one zero. 


If you are writing the TOUS - Form Ew test, your student 
number is 9, and your teacher number is 138, thelpoxr in 
the upper right hand corner would appear as follows: 


e.g. 
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STUDENT NUMBER 


meOSicaeNUMDEE .. << 


Student Number ... 


Teacher Number ... 


After you have finished a "test" or questionnaire, please hand in the 
answer sheet to your teacher and get another one if he or she wants 
you to go on with the next questionnaire. 


The colored pages indicate the end of each questionnaire or test. 


Thank you for your cooperation. Gary Gay, Education Consultant 
(Science) 
Department of Education 
9913B Richmond Avenue 
Grande Prairie, Alberta. 
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NUMBER 1 - SLSI 
SCIENCE LEARNING SITUATION INVENTORY (SLSI) 
Be SE ERNLNG SCLIUATION INVENTORY 

Following are descriptions of several science learning situations. 
After each description are two or three questions of the following types: 
1. JI would like to be in such a situation. 

2. Time is spent doing this in class. 
ae tage to! do this. 

The answers to these questions are meant to indicate the type of 
science class you would like to be in and the type of science class you 
are in. 

Example: Glass bending is taught in many schools. 

1. I would like to be in such a school. 
2. -We spend considerable time talking about glass bending in our school. 


3. I get to spend considerable time bending glass. 


On the specially prepared answer sheet, for each question mark 
A. If you strongly agree with the statement. 

B. If you agree with the statement. 

C. If you neither agree nor disagree. 

D. If you disagree with the statement. 


E. If you strongly disagree with the statement. 


Please fill in the information asked for on the top of the answer 
Sheet and put your teacher's name in the top right-hand corner. 


The situations and questions start on the next page. This is not a 


test and you will not be timed, proceed when you are ready. 
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Key: A B (@ D E 
strongly agree neutral disagree strongly 
agree disagree 


In some science classes the teachers spend most of the time telling 
the students about science or lecturing to them. 


1. I would like to be in that type of class. 
meet al in that type of class. 
In some science classes the science teacher causes the students to 
think when he talks to them. 
3. I would like to be in that type of class. 
4. I amin that type of class. 
In some science classes the teacher exemplifies or acts like a 
scientist would act when he is confronted with a problem. 
5.. I would like to be in that type of class. 
O- | am in that type of class. 
Some science classrooms are organized in such a way that a lot of 
time is available for students to perform investigations. 
7. I would like to be in that type of class. 


8. I am in that type of class. 


Some science teachers are like scientists in the way they do things. 


9. I would like my science teacher to be like that. 


10. My science teacher is like that. 


When you ask some science teachers a question you get questions in 
return, others supply the answer immediately. 


1l. I would like a science teacher that gives an immediate direct answer. 


2 I have a science teacher that gives an immediate direct answer to my 
questions, rather than one who asks questions which lead to the ans- 
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wer. 
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Key: A B ‘« D E 
strongly agree neutral disagree strongly 
agree disagree 


In some classes a wide variety of techniques are used to solve pro- 
blems in science and to learn about science. (Examples: discussions, 
field trips, lectures, movies, lab, library, etc.) 

13. I would like to be in such a class. 

14. Iam iin such a class. 

15. The approaches my teacher uses to teach me about science are very 
effective. 

Some science classes spend considerable time learning about the types 
of attitudes a scientist should have. 
fo. Wewould-Jike: to. be in» such a class. 
iol am in such a class. 

In some science classes the students help set up equipment for demon- 
strations and assist in performing them. 
fés ©2 would like to be in such a class. 

oo. f amin such a class. 

Some science classes spend time developing hypotheses or guessing 

possible answers to a given problem. 

20. I would like to be in such a class. 

21. Our class does spend time developing hypotheses. 
22. I spend time developing hypotheses. 

Some science classes spend time designing experiments which could be 
used to help find the solution to a given problem. 
23. I would like to be in such a class. 


24. Our class does spend time designing experiments. 


25. I spend time designing experiments. 
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Key: A B C D E 
strongly agree neutral disagree strongly 
agree disagree 


Some science classes spend time collecting data which may be of use 
in solving a particular problem. 


Zo.) 1 would like to be in such a class. 
27. We do spend time collecting data in our class. 
28. I get to spend time collecting data in my class. 
Some science classes spend time organizing, analyzing and interpre- 
ting data collected in a given experiment. 
g27. 1 would like to be in such a class. 


30. We do spend time organizing, analyzing and interpreting data in our 
class. 


31. I spend time organizing, analyzing and interpreting data. 
In some science classes the student is expected to work towards his 


Own answer to a scientific problem rather than a "correct" answer which 
the teacher expects. 


32. I would like to be in such a class. 
wou 2 am-in such a class. 
In some science classes students get to choose their own experiments 
at least part of the time. 
34. I would like to be in such a class. 


35. I-am in such a class. 


science classes students are motivated to discuss collected 


In some ; : 
hypotheses, procedures, data processing, etc. with other 


data, ideas, 
students. 
36. I would like to be in such a class. 


37. Tam in such a class. 
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43. 


44, 


45. 


46. 


47. 


48, 
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Respond to each of the following statements by marking 


A B C D E 

we ~GOu if you if you Ga you sige you 
strongly agree are disagree strongly 
agree WLEDy Le. neutral. WLtin tte disagree 
with It. Wi Gi Le. 


We spend more time working and doing things than the science teacher 
actually does teaching. 


We get to study topics that are of interest to us. 


There are definite answers or conclusions to our experiments of lab 
work. 


When we have a science problem the teacher gives us the correct 
answer right away. 


Our science teacher uses many types of teaching. (e.g., discussion 
groups, films, overhead projectors, lab exercises, etc.) 


We perform a large variety of activities in our science class. E.g., 
listen to the teacher,. solve problems, do lab work, work in the 
library, watch movies, discuss our work with other students, etc. 


We perform studies or parts of studies on our own with no help from 


the science teacher. 


We perform lab work in which we do not know if there is a correct 


answer before we begin. 


Our teacher starts a new study by giving rules and general ideas. 


We learn about and practice the type of attitudes a scientist should 


have. 


We learn science in a manner similar to the way in which scientists 


learn about science. 
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Key: A B cs D E 
strongly agree neutral ' disagree strongly 
agzee disagree 


49. As a result of learning science I understand better what scientists 
are doing in the world today. 


50. As a result of learning science I am more interested in the latest 
developments of science as reported in newspapers or magazines. 


Sl. I spend time on my own outdoors or at home collecting data or 
information that is of interest to me in science. 


52. In class we often analyze current. newspaper or magazine articles to 
see what the scientists are actually planning and doing. 


53. When I read articles in newspapers and magazines or hear news about 
scientists on the radio I think about what stage of planning their 
experiments are in. 


54. We spend time in class just investigating the activities scientists 
participate in rather than just the knowledge they discover. 


55. I view the lab, the classroom, the library, outside the school and 
other teachers all as possible sources of information for my science 


SEAGLES. 


56. We learn, in our science classes, desirable ways to attack new 
scientific problems. 


57. I know why scientists are going to the moon. 


58. As a result of studying science I believe I know, and know how to 
perform, the important steps in solving a scientific problem. 


59. I would attack and propose a solution to a new problem using a 
scientific method. 
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Key: A B G D E 
strongly agree neutral disagree strongly 
agree disagree 


60. As a result of the manner in which our class studies science I feel 
as if I'm acting like a scientist a large proportion of the time. 


61. As I study science I feel I am learning a method I can use to study 
and solve new science and personal problems which may arise. 


62. Our science class often spends considerable time discussing the 
results of experiments with little advise from the teacher. 


Thank you for your cooperation in filling in this Science Learning 
Situation Inventory. 
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NUMBER 2 - TOUS - Ew 
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FORM Ew 
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DIRECTIONS 


es 


Each of the questions or incomplete statements in this booklet 
is followed by four possible answers. You are to choose the one 
BEST answer for each question. j 


All of your answers are to be made on the separate answer sheet 
you have been given. Do not make any marks in this booklet. 


Indicate your answers on the answer sheet by completely 
BLACKENING the box which has the same capital letter as the 
answer you have chosen. You may use a regular pencil to make 
your marks. However, do not use a fountain pen, ball point pen, 
or colored pencil. 


You are to mark one, and only one, answer for each question. If 
you change your mind about an answer, erase it completely and 


cleanly. Be sure to make your new mark heavy and dark. 


Here is an example: 


0. The main reason for doing ANSWER SHEET 
experiments in science is to 
A B D 
A. check ideas. 
Be find things out. 
C. use equipment. 
D. learn about nature. O 


Imagine that the right half of the above example is a small piece 
of your separate answer sheet. Look at row "O"-oOn Ehis “midget 
answer sheet. In the example, answer box C has been blackened. 
This means that the person thinks that the main reason for doing 
experiments in science is to use equipment. Your answers for 

all the questions in this booklet should be marked in this manner 


on your separate answer sheet. 


Be sure that the number of the row you are marking and the number 
of the question you are answering are the SAME. If you have any 
questions about these directions, raise your hand. Your teacher 


will try to help you. 
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Try hard to answer all of the questions in this booklet. 


Once again, DO.NOT WRITE ANYTHING IN THIS QUESTION BOOKLET. 


Please do not turn this page until you are asked_to do so. 
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Let's compare scientists and magicians. Which one of the following 


sentences is best? 


A. Scientists and magicians both try to explain things. 

B. Scientists and magicians both try to make things mysterious. 

C. Magicians try to explain things, but scientists make them 
mysterious. 

D. Scientists try to explain things, but magicians make them 
mysterious. 


Scientific discoveries have come from 


A. almost all countries of the world. 

B. only countries with big industries. 

C. only countries with large populations. 
D. almost all countries in Africa and Asia. 


George said: "A scientist's work never ends". By this George means 


that 


A. the work day in a laboratory is very long. 

B. people ask scientists many different questions. 

C. scientists need more help in their research. 

D. new questions come up whenever a problem is solved. 


When a scientist finishes a research project, he will usually 


A. keep his results secret to help his country. 

B. let other scientists know about his findings and ideas. 
C. use his results in an invention for industry. 

D. ask the government for permission to write a report. 


Scientists today agree on many ideas about how the natural world works. 


Most likely, these ideas will 


A. be changed when scientists have more information. 


B. not be changed for a very long time to come. 
C. be changed to keep up with fast-moving world events. 


D. not be changed because they are scientific ideas. 


Today, the education of Canadian scientists who teach and do research 
7 


at colleges and universities generally 


A. is completed after four years of college attendance. 
B includes a period of practical training in some industry. 
is completed after two years of college or technical school. 


D includes long study in universities after finishing college. 
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Phil said: "Machines are taking over so much of our work that they 


will some day replace scientists." Phil's statement is wrong because 


A. machines cannot build other machines. 

B. men cannot let machines take over the world. 
C. men cannot let machines run by themselves. 
D. machines cannot think up new ideas. 


When a scientist has a day off, he would probably not like to 


A. go to his laboratory. 

B. spend some time on his hobby. 

C. go to a friend's party. 

D. spend some time with his family. 


The scientists of today can work on more complex problems than the 
scientists of the past mainly because they 


A. work much harder than earlier scientists. 
B. have more ideas than earlier scientists. 
C. build on the work of earlier scientists. 
D. are more clever than earlier scientists. 


Most important scientific ideas are developed today as a result of 


A. along study by a scientist working alone. 

B. work and thinking carried on by many scientists. 

C. team-work between scientists and the government. 

D a group of scientific experts deciding what to study. 


In observing and experimenting, a scientist today almost always needs 


A. computers and other large machines. 

B. many trained people to help him. 

C. microscopes, telescopes, and test tubes. 
D. different kinds of special equipment. 


Scientists are often said to be very hardworking and quite devoted to 
their®jobs.* °This is true of 


successful people in almost all kinds of work. 

scientists, but not people in other kinds of work. 
most people in important work, but not scientists - 
more scientists than people in other kinds of work. 
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When many new facts are discovered which do not fit a scientific 
theory, scientists will usually ask themselves: 


Shall we throw out the theory since the facts do NOC sf idee 
Can we change the facts a little so that they will fit the 
theory? 

Shall we keep the theory as it is, since these new facts don't 
help it? 

Can we change the theory a little so that these new facts will 
Leth ON bh a 


Scientists are most likely to make important discoveries by 


SPQaw as 


making many Observations. 
trying out ideas. 

reading about experiments. 
asking many questions. 


Before a scientist announces a new theory to the public, he will 
most likely talk his ideas over with 


GSQbw Be 


other scientists in his special field. 
newspaper reporters who write about science. 
a group of experts on scientific theories. 
government leaders interested in his theory. 


Which of the following sentences about science is best? 


Modern science is too advanced to use past discoveries. 


Modern science develops modern products. 
Modern science depends on useful inventions. 
Modern science is based on the science of the past. 


main reason that Canadian scientists are asking for much money 


research is that 


as much money should be spent on scientific work as on other 


things. 
many scientific projects take a long time and need much 


equipment. " 
the cost of scientific materials and equipment has gone up 


since 1945. ; 
new scientific laboratories must be large and are expensive 
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When a scientist reads a report of a new scientific discovery, he 
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will probably 


Scientists make many measurements in their work. 


not fully believe the report until he has checked the work 
himself. 


believe the report without asking too many questions about it. 


not fully believe the report until he has obtained more 
information. 


believe the report because it describes the work of scientists. 


a scientist would be most likely to measure 


A. 
B. 
c. 
D. 


Mary likes science. 


how many germs a certain toothpaste kills. 

the biggest load that a bridge can carry safely. 
how far a bird flies south for the winter. 

the distance a car runs on one gallon of gasoline. 


the details of her experiments. If Mary becomes a scientist, 
however, this training will help her to 


be patient in doing her experiments. 

make better reports about her experiments. 
develop theories from her experiments. 
think up new experiments to perform. 


Different groups of people help mankind in different ways. What 
the special way in which scientists help mankind? 


Scientists make better things for better living. 
Scientists show us how to be more healthy. 
Scientists give us knowledge about nature. 
Scientists offer skilled service and advice. 


When a scientist completes a new scientific theory, we know that 


he has 


created one of the laws of nature. 
helped bring mankind closer to the truth. 
discovered new ways of experimenting. 
developed new ideas and understandings. 
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The newest microscopes make it possible for scientists to 


small objects and also to 


A. 
B. 
C. 
Ds 


explore many new problems. 
look for the meaning of life. 
observe atoms in motion. 

see that germs cause disease. 


A scientific law describes 


rules which scientists must obey. 
rules which connect events in nature. 
rules for doing good experiments. 
good guesses about how things happen. 


Which one of the following sentences best describes 


Science is experimenting. 

Science is planning and thinking. 
Science is thinking and doing. 
Science is observing and measuring. 


BMESCT@ENCTI SC iS open-minded about his work if he 


discusses most of his ideas with others. 

considers ideas which go against his own. 
thinks up many new ideas for experiments. 
agrees with the ideas of other scientists. 


Scientists study plants mainly to 


help farmers to produce more food. 
discover how to make new medicines. 
understand how they live and grow. 
find out where they will grow best. 


Which of the following is the main need of science? 


UOQw aw 


People with new ideas. 
More money and equipment. 
Well-trained workers. 
Better working conditions. 
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When we say that a scientist has formed a hypothesis about an 
experiment, we mean that he has 


indicated which measurements were made. 
designed equipment needed for the experiment. 
described how the experiment turned out. 
made a careful guess about what will happen. 


Which of the following is the best list of what scientists study? 


A. 
Be 
Cc. 
D. 


Atoms, molecules, and stars. 

Matter, energy, and living things. 
Living things, disease, and growth. 
Rockets, satellites, and space travel. 


Bill always gets good grades in school, likes to build model air- 
planes, and plays jokes on his classmates. Frank gets high grades 
in arithmetic, likes to read books, and plays baseball. Janet is 
serious and smart, and likes to dance. Who do you think could 
become a scientist? 


9 Qw Be 


Bisbelcs 
Frank. 
Janet. 
Any one of the three. 


Should a person who makes plans to build new types of airplanes be 
called a scientist? 


Yes, because he uses scientific methods in his plans. 
No, because he is planning to build a useful machine. 
Yes, because he does experiments to check his plans. 
No, because he is planning to try out some new ideas. 


A scientific theory should 


Sop 


provide the final answer to scientific questions. 
supply directions for making useful things. 

tie together and explain many natural events. 
suggest good rules for carrying out experiments. 
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34. When a scientist makes a new discovery, he usually makes a report o 
it. He does this because he 


A. hopes other scientists will help him to finish his work. 

B. wants other scientists to learn about his work and check it. 

C. hopes to help his fellow man by announcing his discovery. 

D. wants to know if others have done the same work and have reported 
ne. 


35. Experiments are used in science to 


A. solve the problems of man. 

B. find out the truth about nature. 

C. try out the ideas of scientists. 

D. prove that the universe is orderly. 


36. "Most scientists are smart. They learn more easily than most people 
and can do harder things with their minds." Is this statement 
correct? 


A. Yes, but scientists are generally no smarter than doctors or 
lawyers. 

B. Yes, but only because scientists are born with scientific skills. 

C. Yes, but only because scientists have received special training. 

D. No. Scientists are about as smart as most people but no smarter. 


This is the end of the questions in this booklet. If you finish 


before time is called, please go back and check your answers. 
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NUMBER 3 - HIFAMS 
HOW I FEEL ABOUT MY SCHOOL 


Originally Developed by 
Js °K. Coster 


And Modified by Gary Gay 


I am conducting a survey of the opinion, beliefs, and feelings of 
several junior high school students like yourself. I would like to find 
out how you feel and what you think about your school. Your answers to 
the questions will provide us with information which will help us in im- 
proving our schools. 


This is NOT a test. There are no right answers. YOUR OPINIONS OR 
ANSWERS ARE THE ONES IN WHICH I AM INTERESTED AND THE ONES THAT I WANT. 
I would like you to be very frank in making your selections. 


The questionnaire consists of forty-two questions about many aspects 
of your school. Following each question is a list of five possible ans- 
wers. Please read each question carefully. Then carefully read ALL five 
answers and select the ONE answer with which you agree most fully. (If 
none of the possible answers exactly express your opinion, you are asked 
to select the answer that most nearly expresses it.) After you have made 
your selection, mark the answer sheet option corresponding to your choice 
of answers. (Do not write on this paper). 


EXAMPLE: 


140. On the average, is Alaska warmer or colder than Hawaii? 


A. Alaska is much warmer than Hawaii. 

B. Alaska is slightly warmer than Hawaii. . 
C. Alaska is neither warmer nor colder than Hawaii. 
D. Alaska is slightly colder than Hawait. 

E. Alaska is much colder than Hawail. 
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ption E will probably be your choice for this example; practice answering 
y darkening the space between the lines of option E, item number 140 on 
he answer sheet. Use only an HB pencil and erase completely any answers 
| wish to change. : 


ase put your name and your school's name on the answer sheet and, iti 
ition, put your teacher's name in the top right hand corner. 
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1. 


HOW I FEEL ABOUT MY SCHOOL 


I am 
A. A boy 
pe AL Oar) 


Do you believe that the work that you are taking in junior high 
school will be useful to you after you leave junior high school? 


A. Yes! I am certain that my junior high school work will help 
me a great deal. 

B. I feel that my junior high school work generally will be useful. 

Cs” I° feel that my junior high school work will be of Some use to 
me. 

D. I feel that my junior high school work will be of little use to 
me. 

E. No: ‘I am certain that my junior high school work will be of NO 
use to me. 


We spend more time working and doing things than the science teacher 
actually does teaching. 


A. This almost never happens. 

B. This seldom happens. 

C. This sometimes happens. (about half the time) 
D. This often happens. 

E. This almost always happens. 


Do you feel that your teachers treat you fairly? 


A. Yes! My teachers always treat me PAL LG. 

B. My teachers usually treat me fairly. ; 
C. Sometimes my teachers treat me fairly; sometimes they don’t. 
D. My teachers usually do NOT treat me fairly. 

E. No! My teachers never treat me beat rl G'. 
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What is your opinion of your chances of getting the kind of job that 
would like to have after you leave high-school (or college, if 


you 
you 


A. 


plan to attend)? 


I feel that I have a very poor chance of getting the kind of 


job I want. 


I feel that I have a poor chance of getting the kind of job 
I want. 

I feel that my chances are about average. 

I feel that I have a good chance of getting the kind of job 
I want. 

I feel that I have an excellent chance of getting the kind of 
job I want. 


interesting, do you feel, is your school work to you? 


All of my school work is interesting to me. 

Most of my school work is interesting to me. 
About half of my school work is interesting to me. 
Little of my school work is interesting to me. 
None of my school work is interesting to me. 


We get to study topics that are of interest to us. 


This almost always happens. 

This often happens. 

This sometimes happens. (about half the time) 
This seldom happens. 

This almost never happens. 


What is your opinion of the working and studying conditions in your 
junior high school? 


Our working and studying conditions are very POOL: 


be worse: 

I feel that they are poor. 

I feel that they are about average. 

I feel that they are good. 

Our working and studying conditions are excellent! 


be better. 


They couldn't 


They couldn't 
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Do you feel that the other students in your school like you? 


A. 
B. 
Cx 
D. 
E. 


Wo: I feel that NONE of the other students in my school like me. 


_I feel that only a few of the other students like me. 


Some of the other students like me; some don't. 
I feel that most of the other students like me. 
Yes: I feel that ALL of the other students in my school like me. 


What is your general feeling of the junior high school that you are 
now attending? 


There is no other school that I would like as well as this one. 
Generally, I am satisfied with my school. 

I feel that this is an average school. 

Generally, I am NOT satisfied with this school. 

I feel that this is the worst school that I could attend. 


There are definite answers or conclusions to our experiments or 
lab work. 


The described situation almost never happens. 

The described situation seldom happens. 

The described situation sometimes happens. (about half the time) 
The described situation often happens. 

The described situation almost always happens. 


Do you believe that your parents are interested in your junior high 


school work? 


Yes! I am sure that my parents are highly interested in my 


junior high school work. . acai 
On the whole, I feel that they are interested in my junior 


high school work. . 
Sometimes I feel that they are interested; sometimes I feel 


that they aren't. : ie ee 
On the whole, I feel that they are NOT interested in my junior 


high school work. 
No! I am certain that my parents are NOT interested in my 


school work. 
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What is your opinion of the number of activities--such as clubs, 
dances, parties, and sports--in your junior high school? 


fT am greatly dissatisfied with the small number of aCGlVTreies. 
On the whole, I feel that we DON'T have enough activities in 
this school. 

We have a fair number of activities, but we should have more. 
On the whole, I feel that we have enough activities in our 
junior high school. 

I am very well satisfied with the number of activities in our 
junior high school. 


When we have a science problem the teacher gives us the correct 
answers right away. 


A. 
Bs 
G. 


D. 
‘Bie 


The teacher almost never gives the correct answer right away. 


The teacher seldom gives the correct answer right away. 


The teacher sometimes gives us the correct answer right away. 
(about half the time) 

The teacher often gives the correct answer right away. 

The teacher almost always gives the correct answer right away. 


What, in general, is your opinion of the teachers in your junior 
high school? 


No other junior high school has a better group of teachers 


than ours. 
I believe that we have a good group of teachers in our junior 


high school. | 
I feel that we have an average group of teachers in this 


junior high school. ot cle 
I believe that we have a poor group of teachers in this junior 


high school. 
No other junior high school has a poorer group of teachers than 


this one! 


What is your opinion of the group of subjects (or courses) that is 
offered in your junior high school? 


No junior high school student should have to study these 


subjects: 
I feel that this junior high school offers a poor group of 


subjects. F ; 
This junior high school offers a fair group of subjects. 
I feel that this junior high school offers a good group of 


subjects. 


7 ' 
I couldn't ask for a better group of subjects. 
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Do you feel that your junior high school work is the kind of work 
that you like to do? 


A. Yes! All of my junior high school work is the kind of work 
that {f like to do, 

B. Most of my junior high school work is the kind of work that I 
like to do. 

C. Some of my junior high school work is the kind that I like to do; 
some is not. 

D. Little of my junior high school work is the kind of work that I 
like to do. 

E. No: None of my junior high school work is the kind of work that 
I like to do. 

Our science teacher uses many types of teaching. (eg. discussion 


groups, films, overhead projector, lab exercises, etc.) 


Almost always. 

Often. 

Sometimes (about half the time). 
Seldom. 

Almost never. 


Do you believe that your junior high school teachers are personally 
interested in you? 


No! I feel that my junior high school teachers are NOT inter- 


ested in me. 
Generally I DON'T believe that they are interested in me as a 


person. 
Sometimes I feel that my teachers are personally interested in 


me. 
Generally, I believe that they are interested in me as a person. 


Yes! I definitely feel that my teachers are interested in me 


as a person. 


In your opinion, how do people in your community feel about your 


junior high school? 


The people are greatly dissatisfied with this junior high 
school. ee Fe 
Generally, they are dissatisfied with this junior high school. 
v7 : 2 f 4 
About half of the people in this community are satisfied with 


the school. 
Generally, they are 
The people are very well sat 


satisfied with our junior high school. 
isfied with our junior high school. 
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We perform a large variety of activities in our SCLENCETCIASS. O05 
listen to the teacher, solve problems, do lab work, work in the 
library, watch movies, discuss our work with other students. 


A. We almost never perform a large variety of activities. 

B. We séldom perform a large variety of activities. 

C. We sometimes perform a large variety of activities. (about 
half the time) 

D. We often perform a large variety of activities. 

E. We almost always perform a large variety of activities. 


How do you feel about the way in which your junior high school sub- 
jects are taught? 


A. I feel that all of my subjects are taught in an excellent manner. 

B. On the whole, I am satisfied with the way in which they are 
taught. 

C. Some subjects are taught in a satisfactory manner; others are 
noc. 

D. On the whole, I am dissatisfied with the way in which they are 
taught. 

E. Iam highly dissatisfied with the way in which my subjects are 


taught. 


What is your opinion of the help and assistance that your junior 
high school teachers give you with your school work? 


A. My teachers never help me. 

B. I feel that my teachers give me very little help. 

C. Sometimes my teachers give me the help that I need. 

D. My teachers usually give me help when I need it. . 
E. I feel that my teachers are always very generous with their 


help. 


We perform studies or parts of studies on our own with no help from 


the science teacher. 


We almost always perform science studies on Our own. 
We often perform science studies on our own. 

We sometimes perform science studies on our own. 

We seldom perform science studies on our own. 

We almost never perform science studies on our own. 
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How do you feel about going to adults in your junior high school 

--such as teachers, principal, or counselors--to get help and advice 
regarding your personal problems such as how to improve your appear- 
ance, how to act on a date, what subjects to take in junior or senior © 
high school, or how to get along with other people? 


Ab 


I feel that I definitely would want to get help with my problem. 
I frequently would want to get help from an adult in my junior 
high school. 

I would want to get help with some, but not all, personal 
problems. 

I rarely would want to get help from an adult in my junior 

high school. 

I am sure that I would NOT go to anyone in this junior high 
school for help. 


What is your opinion of the marking and grading system in your junior 
high school; that is, how do you feel about the way in which marks or 
grades are given? 


A. 


E. 


I feel that the system in this junior high school is very 
unsatisfactory. 

Generally, I feel that this school has a poor system. 

The system in this junior high school may be all right, but I 
Gon talike it. . 
Generally, I feel that our junior high school has a good 


system. 
I feel that our junior high school has an excellent system. 


How do you feel about the way in which your junior high school is 
organized? 


The organization is excellent; our school runs very smoothly. 
On the whole, I feel that our school is well-organized. 


The organization of our school is Just. SO-cO es . 
On the whole, I feel that this school is poorly organized. 


The organization is very poor; no one knows what 1S golng on. 


We perform lab work in which we do not know if there is a correct 


answer before we begin. 


Almost never. 
Seldom. 
Sometimes. 
Often. 
Almost always. 


(about half the time) 
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What is your opinion of the school spirit in your junior high school? 


7A 
[Bes 


There is absolutely NO school spirit in this junior high school. 
The school spirit is low. 

The school spirit is about average when compared with other 
schools. 

Our. .school spirit is high. 

Our school spirit is excellent! It couldn't be higher! 


How do you feel about the social life you are having while attending 
junior high school? 


I am greatly disappointed with my social life. 

Generally, I am dissatisfied with my social life. 

Sometimes I am satisfied with my social life; sometimes I am not. 
Generally, I am satisfied with my social life. 

I am very well satisfied with my social life. 


Do you feel that going to junior high school will help you in enjoy- 


ing 


How hard do you 


life more and getting more satisfaction from living? 


No: I am certain that going to junior high school will NOT help 


me. 
On the whole, I DON'T believe that going to junior high school 


will help much. 
Going to junior high school may be of some help to me in enjoy- 
ing.life, = 

On the whole, I feel that going to junior high school will be 


helpful. . 
Yes! I am sure that going to junior high school will help me in 


enjoying life. 


teacher starts a new study by giving rules and general ideas. 


Our teacher almost always starts this way. 
Our teacher often starts this way. 

Our teacher sometimes starts this way. 
Our teacher seldom starts this way. 

Our teacher almost never starts this way. 


feel that you are working (or studying) on your 


school work? 


I never work. 
Usually I DON'T work very hard. 
Sometimes I work hard; sometimes I don't. 


Usually I work hard. 


I always work as hard as I can on my junior high school work. 
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What is your opinion of the other boys and girls in your junior high 
school? 


They are the best group in the world! 

I feel that we have a good group of boys and girls in our junior 
high school. 

Some of the students are all right; some are not. 

I feel that this junior high school has a poor group of boys 
and girls. 

They are the worst group in the world! 


well, in your opinion, do your junior high school teachers "know" 
understand the subjects that they teach? 


My teachers definitely do NOT "know" and understand their 
subjects. 

They don't "know" and understand their subjects as well as 

they should. 

Some of my teachers "know" and understand their subjects; some 
don at. 

Generally, I feel that they "know" and understand their subjects. 
My teachers definitely do "know" and understand their subjects. 


We learn about and practise the type of activities a scientist should 


have. 

A. Almost always. 

B.. Often. 

C. Sometimes. (about half the time) 
D. Seldom. 

E. Almost never. 


What is your opinion of the equipment and facilities--such as 
laboratory and shop equipment, books and desks--in your junior high 


school? 


No other junior high school has better equipment and facilities 


than ours. 

Our equipment and facil 
schools. 

The equipment and fac 
about average. 

Our equipment and fa 
schools. 

No other junior hig 
chan ours. 


ities are better than those in most 
jlities in our junior high school are 
cilities are poorer than those in most 


h school has poorer eguipment and facilities 
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Bos 


40. 


41. 


42. 


23:3 


In general, how well do you feel that the other people in your junior 
high school treat you? 


A. 
B. 
C. 


108 


I feel that I couldn't be treated better! 


I feel that I am treated in a satisfactory manner. 
Sometimes I am treated all right; sometimes I feel that I am 


mo te 


Generally, I feel that I am NOT treated very well. 


I feel that I couldn't be treated worse! 


In your estimation, how good a job does your school do in educating 


the 


students who come to it? 


Outstanding. 
Very good. 
About average. 
Poor. 

Very poor. 


good a job do your teachers do in teaching 


Outstanding. 
Above average. 
About average. 
Below average. 
Very poor. 


well do you like the teachers, as persons, 


I like my teachers very much. 

I like my teachers a little bit. 

I think my teachers are about average. 
I dislike my teachers a little bit. 

I dislike my teachers very much. 


you? 


who teach you? 


good a job does your principal do as a principal? 


Outstanding. 
Above average. 
About average. 
Below average. 
Very poor. 
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DIRECTIONS 


The following statements are related to your work in the science course 
you are taking this year. These statements are presented as generaliza- 
tions and represent opinions rather than facts. As Opintons, they are 
neither right nor wrong. This is not a test but a device to determine 
how you feel about your course of study. In the items that follow you 
are asked to give your honest opinion by scoring the appropriate section 
of the answer sheet with an ordinary HB pencil. Score the appropriate 
section as it first impresses you. Indicate what you believe rather than 
what you think you should believe. 


Example: I like to watch NHL hockey broadcasts on TV. 


A il Bo 2 C3 D 4 je) 
Be A we me eee el) 

strongly agree neutral disagree strongly 

agree disagree 


If you score the A response this would indicate that you are very inter- 
ested in hockey and watch the televised programs most of the time. 


If you score the B response, this would indicate that you watch the TV 
hockey broadcasts frequently but on some nights you would watch competing 
programs. 


If you score the C response, this would indicate that you really didn't 
care one way or another. You would watch hockey sometimes and just as 


often you would do something else. 


If you score the D response, this would indicate that you watch other 
programs or do something else more often than you watch hockey. It would 
also indicate that you did watch the program once in a while. 


If you score the E response, this would indicate that you do not watch 
hockey at all. In fact you have no interest in the hockey programs. 


Now find item 139 on your answer sheet and practice answering by ‘answering 
Darken in the space between the lines of your chosen 


the above question. 
Erase completely any answers you wish to change. As 


answer completely. 
well, try the following item. 


Example: 


The assignments my teacher gives me in science are usually too 


atfiacudt. 


140. 


Please supply the information requested on the top of the answer sheet 
and as well put your teacher's name on the top right-hand corner. 


[ a har 
ee, tae 
hy ee 
i ona © 
neg | ie da 
ao D>! y 
AY . wi | : 
i : BY ' ; 
iW - ! 
j 
, ; 
Ce Weary 
4 


Saisie Sor tie LS, RHO sa, bed taie ONE: 
~ hak Lissa, “yest x i 5 RRL lose, aeeadtt 
Qe, VeRd oe DULAUO ENR ya elie we “teh D6. / 
atime 1S) Bays 2 Pe! Pegs) & Ayn ot Be.’ pee 
he Ws Apt esi s f abuse "io! emus MOONE ; 
nok) 360" Sh eke : DWRkaoe (id nolnigqe Seénod Ss 
avst Pate pi cchon mA WA anole fu fia iw: jeite, 


Cait mec tey a by, Sa rn - Be Gis ty Try ot 3's 1) TORS TL, ai 
=a] en eee Ch a) ‘sind aati 


| 
Ly ba ae $ a) 
ts os ied : ~ ics adie ’ vchiteibe Sere a n 
ii teeuciaite ) (esmoneis terttuert sets R 


mass) air rei eM ; ‘ f : fi 


Sank | eae axe doll dade iy pt ten Glace ae “I! x: 
Ra ont Ae SaeKt, cuipaueN, bnetwole? ents ride hers, 


ct igs bigou eidd ie ‘eld 
. ih “roe ime Food ult 


vhs eek nt , 
i oOaios a 


a) 


tong a | aot m4 
bhigew 4 < in cy 


1; by. 
dios) sae aie 


Bia ‘et ia: 
Hs carly 


2h° - Siig aM a 


ood qt Rekha y qi) , 
eas 


286 


Reminder: 


10. 


es 


cbt 


BLD 


14, 


TS. 


A - strongly B - agree C - neutral D - disagree. £E - strongly 


agree disagree 


Much of the material of the science course I have already covered 
in Junior High School, so it is not new to me. 


I can read the text with no difficulty. Most of the technical terms 
are clearly explained. 


I would like to study many topics in the science course more deeply 
but there is not enough class time. 


The topics I have studied this year in my science course are of 
little use to me in the work that I plan on doing after I leave 
school. 


Much of the information given in my science textbook is out-of-date. 


I like to see demonstrations of scientific principles carried out in 
class as it makes the text easier to understand. 


Little consideration is given in my science course to the topics in 
science that I think are the important or big problems in science. 


I think the science course I am taking is useful to me because it 
shows recent applications of science. 


We have charts, clippings and other interesting materials on display 
in our science classroom. 


I pay more attention in science classes than in other classes because 
I am interested in the topics we are studying in science. 


Many of the laboratory exercises we performed this year were too 
long to be done in the allotted time. 


In my science classes we use interesting apparatus and materials, 
either in the laboratory or in the classroom. 


I think that my laboratory manual gives adequate direction so I 
know how to carry out the experiment. 


I seldom know the result of an experiment before I carry out the 
laboratory exercise. Most of the experiments cause me to think. 


I would rather have taken a biological science course this past 
year than the course of study we had. 
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Reminder: 


L6.% 


ys 


18". 


D.. 


20. 


21s 


22. 


23. 


24. 


2a 


26. 


Yee 


Zee 


ace 


Ae er Ong Ly B - agree C - neutral D - disagree B - Strongly 


agree disagree 


I think our laboratory was well enough equipped to do all the experi- 
ments suggested in our work this year. 


When I study a topic or a unit in my science course, I can usually 
see why it is important for me to study it. 


I have done only a few of the laboratory experiments on my Own or 
with groups of fellow students this past year. Most of the work is 
demonstrated by the teacher. 


I find the questions at the end of the chapters of the text that 
involve mathematical calculations too difficult. 


I am interested in performing experiments in the laboratory but do 
not like having to write up the experiment in detail. 


I am not interested in taking a science course like this one next 
year but would rather take almost any subject other than science. 


I think we spent too much time in class on some topics in the science 
course this year and rushed too quickly over other topics. 


Experiments relating to the topic I was studying in class were per- 
formed at approximately the same time as the work was studied in 


the regular class periods. 


I would prefer to work on experiments I invented and devised rather 
than the ones I have done this year. 


I spent too much time on learning trivial laboratory techniques which 
were not important to getting my experiments done. 


Too much time is devoted to the study of science and not enough time 
to the study of other subjects. 


I prefer to handle the equipment myself in doing experimental work 
rather than watching someone else do the experiment. 


Because of my interest in science, I normally spend more time on 
my science homework than in other subjects. 


Bebalcevor the difficulty of ‘this science’ course, I find™ that TF have 
to spend more time on science homework than in other subjects. 
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Reminder: 


30. 


as 


32. 


2S 


34. 


Bus 


36. 


oy. 


33. 


40. 


41. 


42. 


43. 


44. 


A - strongly B- agree C - neutral D - disagree E - strongly 


agree ; disagree 


I wish those who develop courses and select texts would ask me what 
I thought I needed to learn in science. I think I know what I would 
like to study for the job I want after I leave school. 


Too much mathematics is needed to do this course in science. 
I think the course I am studying in science is too difficult for me. 


In general I think I am learning things from my science course that 
I can use. 


I think the experiments that I have done this year have begun to 
make me think as I imagine a scientist thinks. 


I am confused over such technical terms as scientific model, scienti- 
fic problems, hypothesis, conclusions, laws and theories. 


I think I can read popular articles in the general area of science 
with better understanding because of the information I have obtained 
from my science course. 


I have read more articles in popular science books and magazines 
this year than I have in any single year before. 


I like to do the extra science investigations or activities suggested 
in the text. 


I find the questions at the end of the chapter challenging. They 
make me think. 


Most of the topics I am taking in my science course are those I 
would like to study more deeply at some future time. 


This course has helped me in some of the other courses I am taking 
this year. 

I spend more time studying science than I do any other subject. 

I think my powers of observation have improved through the work I 
have taken in science this year. 


The science course covers too much material. We do not spend enough 


time on any one topic for me to understand it. 
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Reminder: 


45. 


46. 


47. 


48. 


49. 


OO. 


Dis 


Soe 


DS's 


54. 


5D 


56. 


EW ir 


Oo. 


Ou 


A - strongly B - agree € = neutral D - disagree E. = strongiy 


agree disagree 


I would like to help present demonstrations to my classmates on the 
topics we study in science. 


When we see demonstrations in class I find that I become more atten- 
tive and interested in the work. 


I have to be forced to do my science homework. 


I have to be forced to do any kind of homework. I just don't like 
doing any kind of assignment. 


The text is very informative. Enough information is given on most 
topics so that I can understand the main ideas. 


I would like to construct in the laboratory simple machines and 
simple apparatus to carry out experiments. I think this would be 
useful in making me think like a scientist. 


The problems at the end of the chapter are useful and beneficial to 
me. They help me understand the course. 


The author(s) of my textbook has (have) made the content interesting, 
easily understood, concise and clear. 


The science course that I am taking is more difficult than the 
science courses that other students in this school are taking. 


I think the text is too compact and too congested, making for heavy 
reading. 
I think there are sufficient illustrations of applications of scien- 


tific principles, in examples or in diagrams, in the text of the 
various topics in the course we are studying. 


I often notice in things around me application of some of the scien- 
tific principles I have studied this year. 


I think the exercises in the text serve no useful purpose and are 


merely busy work. 


I frequently read other texts and reference books in order to under- 
stand the material in my science course. 


I like experiments for which there is a right answer so that I know 
the results I get are right or wrong. 
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Reminder: 


60. 


él. 


62. 


63. 


64. 


6D. 


66. 


67. 


68. 


69. 


70. 


TAN 


VOR 


A - strongly B - agree C - neutral D - disagree E = strongly 


agree disagree 


The demonstrations I have seen this year usually have worked as I 
expected them to work. 


I usually Know what I am supposed to do in the laboratory. 


I would like to have my science course organized so I could do more 
experimental work. 


The knowledge I have gained in my science course gives me a feeling 
of accomplishment. 


I usually look forward to my science classes. 
In my classes, the laboratory period is a play period. 


I believe the information I am learning in my science course is 
useful to me now and will be useful in later life after I finish 


school. 


I can't follow the directions for doing experiments in the labora- 
tory. They are not clear enough for me to see what I am supposed 
to.do. 


The text usually refers to everyday applications in science that I 
can understand. 


I usually read the instructions for carrying out experimental work 
carefully. 


I feel the time I spend in the laboratory doing experiments could 
be much better utilized. 


In studying my science course, I am beginning to see how knowledge 
from one science area related to another area. 


I believe my vocabulary of technical and scientific terms has 
improved considerably this year. 
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NUMBER 5 —- TOUS 


TOUS 


TEST ON UNDERSTANDING SCIENCE 


Form Jw 


TOUS; form Jw; by L. E. Klopfer and £. O. Carrier. Copyright 1970, 
by the authors. All rights reserved. Unauthorized use or repor- 
auction, in whole or in’ part, is prohibited. The present form or this 
instrument is being used with permission of the authors as part of 

a doctoral study sponsored by the Alberta Department of Education. 
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DIRECTIONS: 


EL. 


Each of the questions or incomplete statements in this booklet is 
followed by four possible answers. You are to choose the one BEST 
answer for each question. 


All of your answers are to be made on the separate answer sheet you 
have been given. Do not make any marks in this booklet. 


Indicate your answers on the answer sheet by marking the space below 
the capital letter which is the same as the letter in front of the 
answer you choose. You may use a regular pencil to mark your answers. 


You are to mark one, and only one, answer for each question. If you 
change your mind about an answer, erase the mark for your first 
answer completely and cleanly; then mark the space corresponding to 
the letter of your new answer. 


Here is a sample: 
50. The main reason for doing experiments in science is to 


A. check new ideas. 

Ba latind pehings -out. 

C. use laboratory equipment. 
D. learn about nature. 


Choose the one BEST answer to this sample question. On the separate 
answer sheet, find row number "50" and mark the space below the letter 


of the answer you have chosen. 


Your answers for all the questions in this booklet should be marked in 
this manner on your separate answer sheet. Be sure that the number of 
the row you are marking and the number of the question you are answer- 
ing are the SAME. If you have any questions about these directions, 
raise your hand. Your teacher will try to help you. 


Try hard to answer all the questions in this booklet. Choose what 
you think is the one BEST answer for every question. 


Once again, DO NOT WRITE ANYTHING IN THIS QUESTION BOOKLET. 


Please do not turn this page until you are asked to do so. 
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Which of the following is the best list of what scientists study? 


atoms, molecules, and stars 

matter, energy, and living things 
rockets, satellites, and space travel 
plants, animals, and disease 


Which of the following is the main need of science? 


more money and equipment 
well-trained assistants 
better working conditions 
people with new ideas 


A scientist predicted that an experiment would come out a certain 


way. 


He observed a different result when he did the experiment. 


What would he most likely say to himself? 


"I shouldn't have made a prediction before trying this out." 
"Something went wrong in the experiment, because I didn't 
observe the result I predicted.” 

"I should have better equipment for this experiment to get 
the right result." 

"Something is wrong either with my observation, my experiment, 
or my prediction.” 


If you were to meet a scientist on the street, he would probably 


look like 

A. an eager, hurrying person. 

B. a quiet, thoughtful person. 
C. anyone else. you might meet. 
D. an intelligent, young person. 


The newest microscopes make it possible for scientists to study small 
objects and also to 


look for the meaning of life. 
explore many new problems. 
observe atoms in motion. 

see that germs cause disease. 
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Today, the education of American scientists who teach and do research 
at colleges and universities generally 


A. 
B. 
Cc. 
D. 


is completed after four years of college attendance. 
includes a period of practical training in some industry. 

is completed after two years of college or technical school. 
includes long study in universities after finishing college. 


The scientists of today can work on more complex problems than the 
scientists of the past mainly because they 


A. 
B. 
Ce 
D. 


work much harder than earlier scientists. 
have more imagination than earlier scientists. 
build on the work of earlier scientists. 
are more intelligent than earlier scientists. 


When a scientist completes a new scientific theory, we know that he 


has 


Seog 


revealed one of the laws of nature. 

helped to move mankind closer to absolute truth. 
discovered new ways to conduct experiments. 
developed new ideas and understanding. 


Designing a space rocket is chiefly a problem of 


the application of science, because the designer produces new 


understandings about nature. 
science, because the design must be developed by experiment. 
the application of science, because it leads to the production 


of a practical device. . 
science, because it calls for being clever and having new ideas. 


Scientists would consider any major hypothesis to be 


A. 
B. 
Cc. 
D. 


a temporary explanation. 
a changeless truth. 

a final explanation. 

a temporary truth. 
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The people and government of the United States influence scientific 
activity 


A. very little, because scientists are quite isolated from the rest 
of the society. 


B. a little, because some people must be willing to become 


scientists and the government pays them. 

C. a great deal, because most scientists work for the government 
and must follow its instructions. 

D. a great deal, because the people can decide about having an 
educational system that can train scientists. 


Most important scientific ideas are developed today as a result of 


A. a long investigation by a scientist working alone. 

B. a group of scientific experts deciding what to study. 
C. work and thinking carried on by many scientists. 

D. team-work between scientists and the government. 


Betty is planning an experiment to learn something about the role of 
potassium in the growth of a certain plant. She decides to grow one 
group of these plants in soil containing nitrogen and phosphorus, 
but lacking potassium. A second group of these plants, serving as 

a "control", should be grown in soil containing 


A. potassium only. 

B. nitrogen, phosphorus, and potassium. 

C. nitrogen and potassium, but no phosphorus. 
D. nitrogen and phosphorus, but no potassium. 


Which one of the following sentences best describes science? 


A. Science is thinking and doing. 

B. Science is observing and measuring. 
C. Science is thinking and planning. 
D. Science is experimenting. 


When much new evidence is discovered which does not fit a scientific 
theory, scientists usually will ask themselves: 


Shall we throw out the theory, since the new evidence doesn't 


A. 
do ae Mahi ; : ; 

B Can we change the evidence a little so that wilt tie ioe 
theory? Fat ; , 

C. Shall we keep the theory as it 1s, since the new evidence 


doesn't help it? ‘ : 
D Can we change the theory a little so that this new evidence 
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The chief purpose of the science of botany is to 


find out what plants grow best in various kinds of soil. 
understand how plants live, grow, and reproduce. 
develop new drugs and medicines from plants. 

help farmers grow bigger plants and produce more food. 


Mary writes down all the details of her science experiments. 
Mary becomes a scientist, this training will help her to 


When scientists in America work on a major research project today, 


be patient in doing her experiments. 

make better reports about her experiments. 
think up theories from her experiments. 
work out new experiments to perform. 


the laboratory equipment they need usually is built by 


A. 
B. 
Cc. 
D. 


Scientists are often said to be very hard-working and dedicated to 


the scientists themselves. 
other scientists. 

a nearby government agency. 
people who are not scientists. 


their jobs. This is true about 


After a scientist has found the solution to a problem in scientific 


successful people in almost all kinds of work. 
scientists, but not people in other kinds of work. 
most people in important work, but not scientists. 
the experimental work of a few top scientists. 


research, he usually 


A. 
B. 
OF 
D. 


seeks a practical application for his discovery. 
feels that the problem is solved once and for all. 
Cannot easily find a new problem to work on. 

sees that his work has opened up new problems. 


Ascrenctist 1S open-minded about his work if he 


A. 
De 
Cc. 
D. 


thinks up many new ideas for experiments. 
discusses most of his ideas with others. 
considers ideas which go against his own. 
agrees with the ideas of other scientists. 
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Scientists have many goals in doing scientific work, but their 
principal aim is to 


A. search out errors in what has already been discovered about the 
Physical universe. 

B. explain natural phenomena in terms of principles and theories. 

C. discover, collect, and classify facts about living and non-living 
EniINgGs. 

D. provide the people of the world with the means for leading better 
lives. 


When a scientist reads a report of a new scientific discovery, he 
Probably will 


A. not fully believe the report until he has checked the work 
himself. 

B. believe the report without asking too many questions about it. 

C. not fully believe the report until he has obtained more 
information. 

D. believe the report because it describes the work of scientists. 


Different groups of people help mankind in different ways. What is 
the special way in which scientists help mankind? 


A. Scientists make better things for better living. 
B. Scientists show us how to be more healthy. 

C. Scientists give us knowledge about nature. 

D. Scientists offer skilled service and advice. 


Speaking about the intelligence of scientists, we can correctly say 
that most scientists 


A. are about as intelligent as the average person. 

B. are born with a special scientific curiosity. 

C. become intelligent after getting scientific training. 
D. have more than average intelligence. 


Ralph said: "Scientists do experiments to ask questions of nature." 
By this Ralph means that experiments are used in science to 


A. prove that nature works in a regular manner. . 
B. learn by trying things, making mistakes, and then trying again. 
C. test out the ideas of scientists. 
D. ask about the mystery of creation. 
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A research scientist is most likely to make important discoveries by 


A. 
B. 
Gi 
Di 


making experimental measurements more accurate. 
thinking up ideas and trying experiments to test them. 
doing research in a very well-equipped laboratory. 
making many observations and reporting his results. 


Many essays have been written about the meaning of life. Today, any 
serious essay on the meaning of life probably would 


be written by a scientist who has studied living things. 
include what scientists have learned about life. 

give a proof of the scientific theory of evolution. 
containelittte*or nothing“on thé scientists’ ideas about life. 


A scientist learns about a new theory that someone has suggested. 
Will this scientist decide to agree with the new theory? Most likely, 
the scientist will decide on the basis of 


whether or not the theory is true. 

the experimental evidence supporting the theory. 

his personal ideas and the evidence supporting the theory. 
whether or not the theory can be put into mathematical form. 


Bill always does well in school, likes to build model airplanes, and 
plays jokes on his classmates. Frank makes high grades in mathematics, 
likes to read books, and plays baseball. Janet is a serious, intel- 
ligent girl and likes to dance. Who do you think could become a 


scientist? 

B. Frank 

GC. wanet 

D. Any one of the three. 


Most scientists consider scientific theories to be 


A. 
B. 
Cc. 
D. 


changeless truths. 
explanations that may be revised. 


final explanations. . 
descriptions of the world as it really is. 
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In trying to decide whether or not to go to a new movie, a scientist 


would probably ask himself: 


A. "Does the film use experimental techniques?" 
B. "Is there cause and effect in the plot?" 

Oy WAWedad a! chike, this <£4.imo". 

D. "Is the plot factual and accurate?" 


When we say that a scientist forms a hypothesis about an experiment, 


we mean that he 


A. makes a careful guess about what will happen. 

B. gives directions for doing the experiment properly. 
C. suggests how to make exact measurements. 

D. describes how the experiment was carried out. 


Scientists most often make important advances in research by 


A. trial and error and experimentation. 
B. planning and experimenting. 

€. difficult;,laboratory .work. 

D. observing and measuring. 


A scientific law describes 


A. rules which scientists must obey. 

B. relationships between events in nature. 
C. directions for doing good experiments. 
D. good guesses about how things happen. 


A young person who wants to have a career in science would be able 


to find a job as a scientist 


A. only in the United States or Russia. 

B. only in countries in America and Europe. 
C. in most countries of the world. 

D. only in countries with large industries. 


A scientific theory should 


A. give final answers to scientific questions. 
B. supply directions for making useful things. 
C. tie together and explain many natural events. 
D. describe the world as most scientists see iis 
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Which of the following sentences about science is best? 


A. Modern science is too advanced to use past discoveries. 
B. Modern science develops modern products. 

C. Modern science depends on useful inventions. 

D. Modern science is based on the science of the past. 


Since science is now expanding so rapidly, you could correctly 
predict for the future that 


scientists will develop new ideas. 

there will soon be little left for scientists to discover. 
machines will plan research projects. 

the expansion of science cannot be stopped. 
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Some scientists specialize in developing new scientific theories. 
In doing this kind of work, these scientists might hardly ever 


A. perform any experiments. 

B. consider the theories of other scientists. 
C. consider experimental evidence. 

D. share their theories with other scientists. 


Today, some scientists are employed in industry to do research on 
the properties of metals. The research these scientists carry out 


would usually 


A. add to scientific knowledge but have little or no practical 


value. 
B. add to scientific knowledge and help the industrial applications 


of science. + 
C. have many practical applications in industry but add little or 


nothing to scientific knowledge. . ae 
D. have many industrial applications and help scientific knowledge 


to become permanent truth. 


Scientists are often said to have certain "scientific attitudes." A 
scientist shows these attitudes most clearly when he is 


A. working on his research. 

B. moving into a new laboratory. 
C. doing most anything. 

D. with his family and friends. 
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43. Smith, a research scientist, reads a report of an experiment by 
Mrs. Jones, who is doing research in the same scientific field as 
Smith. In his own experiments, Smith has found out some important 
information that was not mentioned in Mrs. Jones’ report. In this 
situation, which of the following would Smith be LEAST LIKELY to do? 


A. Tell Mrs. Jones the information in a letter or by phone. 

B. Issue a statement to the press about what was left out of 
Mrs. Jones' report. 

C. Rush a report of his own experiments to a scientific journal. 

D. Announce his findings at the next meeting of a scientific 
society. 


44. When he has a day off, a scientist would probably NOT like to 


A. relax with his family. 
Ba GO to. his laboratory. 

C. spend time on a hobby. 
De. @Gortovattfriend’ stparty. 


45. Which of the following statements about scientific theories is NOT 
correct? 


A. A scientific theory gives a description of the world as it 


really is. 
B. A scientist may reject a scientific theory if he has doubts 


about it. ae 
C. When there is some evidence against a scientific theory, 


scientists may still accept it. 
D. A scientific theory gives an explanation of many natural events. 
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This is the end of the questions in this booklet. If you finish 
before time is called, please go back and check your answers. 
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NUMBER 6 - TEST ON THE NATURE OF SCIENCE * 
eae es rece ca Oe EINE 


M. J. Kozlow M. A. Nay 

University of Alberta University of Alberta 
PART A 

Directions: 


1. Each question or incomplete statement in Part A is followed by 
four possible answers. Read each question and decide which is 
the ONE best answer. Mark your answers on the separate answer 
sheet. Make certain that the number on the answer sheet corres- 
ponds to the number of the question that you are answering. 


2. Since each question has only four alternatives, ignore column 
E on the answer sheet. 


Su DO not write in this test booklet. 


4. Read each question carefully but do not spend too much time on 
any one question. Answer all questions. 


5. Mark only ONE answer for each question. 


Example: 
200. A person who dedicates his life to 
the study of chemistry is a Answer Sheet 
Ae Biologist C. Chemist 200... AL B2 Cos .D4 ES 


B. Physicist Dis “ZOOLOGISt cach ae ee 


©) 1972. All rights reserved by the authors. 
Unauthorized use or reporduction in 
whole or in part is prohibited. 
This test is used in this study by 
G. Gay through permission of the 
authors. 


TT 


* This test was later renamed Test On Scientific Attitude (TOSA). 
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Scientists recognize that a scientific theory 


should not be changed when it is based on a large amount of 
data. 

may have to be changed to keep up with a rapidly changing world. 
may have to be changed when new observations are made. 

should not be changed when it explains what happens to nature. 


A science magazine reports that a scientist produced a type of water 
that boils at 450 F under one atmosphere of pressure. Another 
scientist reading this report would probably 


believe the report if it was written by a highly respected 
scientist. 

disbelieve the report because he would know that water boils at 
212°F under one atmosphere of pressure. 

do experiments to try to prove that it is wrong. 

neither believe nor disbelieve the report until other scientists 
study this problem. 


Scientists have questioned many religious beliefs. Which one of the 
following best expresses the way you feel concerning this matter? 


When scientific theories question religious beliefs, it is better 
to keep the religious beliefs. 

I now question all of my religious beliefs since science has 
cast doubt on some of them. 

I have two separate thought compartments--one for my religious 
beliefs and one for scientific knowledge. 

I will keep my religious beliefs until scientists prove them to 


be wrong. 


Imagine that you have just finished a laboratory investigation. Your 
measurements all agree except two. Which of the following would you 


do? 


Include the two odd measurements in your report but omit them 


from calculations. 
Adjust the two odd measurements to make them agree better with 


the others. 


Take more measurements. 
Use all the measurements as they are when making calculations. 
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When observations are made that do not fit an accepted scientific 
theory, scientists usually 


try to adjust the observations so that they fit into the théory. 
keep the theory as it is since the new observations cannot be 
used to improve it. 

try to change the theory so that these observations can be 
explained. 

discard this theory and develop a new one to explain these 
observations. 


When Einstein published his theory of relativity, another famous 
scientist was reported to have said, "Dr. Einstein's new theory has 
shattered many of my scientific beliefs to smithereens!" This 
statement indicates that the scientist 


KYQb Bs 


recognized that scientific knowledge is subject to change. 

held some wrong scientific beliefs without knowing it. 

did not believe in the old theory very strongly. 

did not have sufficient evidence to support his original beliefs. 


Consider the following data concerning fluoridation of the public 
water supply: 


Fluorides help prevent cavities in children's teeth but do not 
help adult teeth. 

Small amounts of fluorides appear to have no long-term harmful 
effects. 

The easiest and cheapest way to administer fluorides is through 
the public water supply. ped . 

The fluoride content of lakes and oceans 1S increasing as a 
result of fluorides in the public water supply. 

Fluorides can be put in milk for children. 


Which one of the following best describes your point of view after 
considering the above information? 


You would be against fluoridation. 
You would be uncertain as to which side to support. 


You would be in favor of fluoridation. 


You would lose interest in the problem because the evidence 


is too indefinite. 
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8. "Light travels as a stream of particles." 
"Light travels as a wave." 


If you came across these two statements in two different science 
books, which of the following would you do? 


A. Ask your teacher to tell you which statement to accept. 

B. Check other science books for statements on this LOpiC. 

C. Assume that scientists are not certain as to how light travels. 
D. Accept the statement in the newer book. 


9. Imagine you are living in a small town on the banks of a river not 
far from a large industrial city. Your town has just experienced a 
severe flood for the first time in.its history. Some people are 
saying that it was caused by increased rainfall due to the smog 
from the nearby industry. Which one of the following best expresses 
your evaluation of this claim? 


A. This is a popular opinion for which there is no evidence. 

B. People are making this claim because of their prejudice against 
smog. 

C. This is a valid conclusion based on sufficient evidence. 

D. This is a popular opinion backed by some evidence. 


10. Suppose that you and a friend both did the same experiment to deter- 
mine whether or not sunlight is required for plants to produce starch. 
Both of you tested a leaf from a plant that had been left in the dark 
for two days. Then you both tested a leaf from a plant that had been 
left in the sunlight. Your friend found starch in both leaves. You 
found starch only in the leaf from the plant that had been left in 
the sunlight. Which one of the following would be the most reasonable 


EaingmcOr «you (CO\.dor 


A. Accept my own result because text books say that plants in the 


dark should not produce starch. 
B. Have both of us repeat the experiment. 
Accept the result obtained by the one of us who knows more about 


science. 
Ask my teacher to decide which result should be accepted. 


Questions 11 and 12 refer to the following paragraph: 


Priestley and Lavoisier are often referred to as the "fathers of 
modern chemistry." Both of them accepted the phlogiston theory of combus- 
tion (all materials give off a substance called phlogiston when they 
Lavoisier did many experiments on burning and developed 


burn). However, said that oxygen is always 


our modern theory of combustion in which he 


involved. Priestly never accepted this theory. 
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Which one of the following is generally true about scientists, but 
was NOT demonstrated by Priestly in the above situation? 


A. Some scientists believe more strongly in their theories. 

B. Some scientists go overboard in demanding experimental evidence 
before changing their ideas. 

C. Scientists do not have to believe in new theories. 

D. Scientists accept new theories when they are consistent with 
experimental data. 


Which one of the following is NOT true about Lavoisier in the above 
situation? 


A. He believed that his theory of combustion would not be changed. 
B. He recognized that theories are likely to change. 
C. He was prepared to consider ideas presented by others. 

D. He developed a new theory to explain new evidence. 


Suppose you wanted to determine which types of mosquitoes cause 
malaria. You obtained three kinds (Types A, B, and C) and examined 
the digestive tracts of each for malaria parasites. You found some 
only in Type B mosquitoes. You concluded from this that malaria is 
spread by Type B but not by Types A and C mosquitoes. Which one of 
the following describes your conclusion? 


A. Your conclusion does not agree with the evidence. 
B. Your conclusion is valid in light of the evidence. 
C. Your conclusion is justified, but more evidence should be 


obtained. 
D. You did not obtain enough evidence to make a conclusion. 


Some medical researchers say that marijuana does permanent damage to 
the brain, while others say that it is no more harmful than alcohol. 
In the light of this information, which of the following would you be 


inclined to do? 


A. Wot smoke it because it is probably harmful. ae 
Ignore the evidence that it might be harmful and smoke it if 


B. 

you wanted to. 
C. Smoke it because it is probably no more harmful than alcohol. 
D. Put off any decision about smoking it until more definite 


knowledge is obtained about its effects: 
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Questions 15 and 16 refer to the following paragraph. 


The German scientist, Schleiden, published a report on the OLaiginnot 
plant cells (1838). He made several observations on the reproductive 
cells of some plants and made the following statements: 


It is an absolute law that every cell takes its origin as 
a very small vesicle (small bladder) and grows only slowly to 
its defined size. The process of cell formation which I have 
just described .... is that process which I was able to follow 
in most of the plants which I have studied. Yet many modifi- 
cations of this development can be observed .... Never the- 
less, the general law remains incontestable (cannot be 
questioned) «... 


15. Which one of the following is generally true about scientists but was 
NOT demonstrated by Schleiden in the above situation? 


A. Scientists try to avoid making general statements based on 
limited data. 
B. Scientists are usually careful to report exactly what they 


observe. 
C. Scientists collect large amounts of data in order to develop 


laws of nature. 
D. Scientists often ignore observations if they do not quite fit 


Inco thelr theories. 


16. Some aspects of Schleiden's theory were later shown to be inaccurate. 
The most probable reason why his theory was NOT completely accurate 


is that he 


A. was not able to obtain modern instruments to use in his 


investigation. 
B. did not make his theory explain all of his observations. 


C. tried to develop a theory to explain the origin of all cells. 
D. felt that his theory could not be questioned. 


17. "Many people have cycles of mental depression which correspond to the 
phases of the moon." Which one of the following best represents your 


reaction to this statement? 


One should be willing to consider the possibility that there 
may be some truth to superstitions of this nature. 


B. Scientists could never prove or disprove this idea. 
It ig an incorrect idea, but it is useful to many people. 


There seems to be some truth in this statement. 
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Below are a number of points of view regarding the teaching of the 


ed of evolution in biology. In your opinion, this theory should 
e 


A. omitted from the biology course. 

B. presented to the class, but its controversial aspects should 
not be discussed. 

C. discussed throughly in class with all students present. 

D. discussed openly in class, but those students who do not want to 
listen should be permitted to leave. 


Questions 19 and 20 refer to the following paragraph: 


Galileo gathered much evidence on stars, motion of objects, etc. 


which gave rise to ideas contrary to those held by the philosophers of 
his time. The philosophers forced Galileo to recant some of these ideas 
(say he was wrong) and stopped him from practicing science. 


os 


20. 


oie 


Which one of the following best applies to this situation: 


A. Galileo should have collected more evidence before disagreeing 
with the philosophers. 

B. Galileo's ideas became wrong when he recanted. 

C. Galileo should have avoided those investigations which led to 
disagreement with the philosophers. 

D. Galileo was justified in questioning the beliefs of the 
Philosophers. 


In their treatment of Galileo, the philosophers 


A. showed that they did not have a proper respect for evidence. 
B. seemed to think that they knew all that there was to know. 
C. were not willing to change their ideas in the face of new 


evidence. 
D. showed all of the above characteristics. 


Suppose you live near a large industrial plant. You find that the 
rose bushes in your yard die ina short while, but your lawn remains 
You suspect that the fumes from the industrial 


in perfect condition. 
which one of the following would be the most 


plant are the cause. 
reasonable course of action for you to take? 
Study the effect of the fumes on healthy rose bushes. 


B. Stop growing rose bushes. ; 
Start legal action against the plant for pollution control. 


D. Move away from the plant. 
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During a class discussion, a friend of yours said, "The questions 
which are really important to man can never be solved by science." 
Which one of the following would probably be your reaction to this 
statement? 


A. Support him because friends should stick together. 
B. Not pay any attention to this statement because it is not worth 
thinking about. 


C. Ask him to present facts and arguments to support this statement. 


D. Support him because you believe that the statement is true. 


A scientist has a theory for which he needs some evidence. He does 
experiments and finds that some of the results do not support his 
theory. When he reports his theory, he omits those results which 
do not’ fit. In this case, the scientist 


A. had a theory which did not have any practical value. 

B. considered several possible explanations. 

C. made his theory explain part of the experimental results. 
D. made the experimental results agree with his theory. 


Drs. Brown, Jones, and Smith are medical researchers. Each one 
independently investigated the cancer-producing effect of compounds 
in tar on rats. Dr. Brown reported that there was no effect. Some 
time later, both Drs. Jones and Smith reported that these compounds 
were highly cancer-producing. Which one of the following was pro- 
bably the MOST important reason for Dr. Brown's results? 


A. He did not consider all the evidence. 

B. He did not do a sufficient number of controlled experiments. 
C.- He was in a hurry to report his results first. 

D. He did not analyze his data properely. 


Suppose you did a chemistry experiment, but the results were not 


what you expected. Which one of the following would you do? 


A. Report the results which were predicted in the chemistry 


text. 
B. Copy the results from a friend. 


C. Report the results that you obtained. . 
Report no results and tell the teacher that the experiment 


failed. 
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A boy goes skating on a pond and breaks through the ice. He is res- 
cued and given a drink of hot chocolate by someone who is sneezing 
and coughing. A few days later the boy also has a cold. Which one 
of the following best describes the reason for the boy's cold? 


A. His cold is due to falling in the cold water and getting wet. 
B. He got the cold from the person who rescued him. 

C. He probably had a cold coming before he went skating. 

D. The reason why people get colds is not yet known for certain. 


Which one of the following is NOT an important reason why scientists 
often repeat the experiments reported by other scientists? 


A. A scientist could be so intent on finding a specific answer 
that he might subconsciously observe only what he wants to see 
in his experiments. 

B. This helps to keep scientists careful and honest when making 
observations and reporting results. 

C. Other scientists might give a different interpretation to the 
same observations. 

D. The first scientist might overlook a significant variable in 
his experiment. 


If a scientist had to choose between two theories, he would probably 
support the theory which 


A. most other modern scientists feel is more likely to be correct. 


B. has more practical value. 
C. is based on a larger number of observations. 
D. explains the available observations more satisfactorily. 


In an experiment, students blew through limewater and noted that it 
From this result, most of them concluded that their 


turned milky. 
However, one girl wrote in her note- 


bodies give off carbon dioxide. 
book that since there is carbon dioxide in the air we breathe, the 


experiment proved nothing. Which one of the following best describes 


your evaluation of this situation? 


The students were justified in making their conclusion. 
B. The girl was justified in doubting the proof. 
Neither side had sufficient grounds for their statement. 


D Both sides were partly justified in their statements. 
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"People born when certain stars are becoming more prominent show the 
influence of these stars in their personalities." People who believe 
this statement 


A. probably have a special ability to understand such influences. 
B. are not critical enough. 

C. are more open-minded than most people. 

D. have a disregard for scientific evidence. 


When evaluating the accuracy of ideas in science texts, which one of 
the following is the most important? 


A. How recently the book was published. 

B. Whether or not the author is a scientist. 

C. The extent to which the ideas have been simplified. 
D. How recently the ideas were first presented. 


If you came across a scientific idea which goes against your common 
sense, which one of the following would you be inclined to do? 


A. Disregard the scientific idea because it is better to rely on 


common sense. 
B. Disregard common sense because it is not as reliable as 


scientific study. 
C. Do an experiment to see whether or not the common sense is 


superior to the scientific idea. 
D. Try to produce a compromise between the scientific ideas and 


common sense. 


Suppose you had worked several days ona chemistry experiment. You 
then accidentally added some sodium nitrate solution when you should 
have added silver nitrate. which one of the following courses of 


action would you take? 


A. Start over again as soon as you realize your mistake. 
B. Continue with the experiment but if it doesn't turn out the 


way it should, start over. . 
C. Continue the experiment to see if the mistake makes any 


difference. . ; 
As soon as you realize your mistake, add some silver nitrate 


solution and continue with the experiment. 
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When Arrhenius first proposed his theory of ionization (salts break 
up into ions when they dissolve in water), very few scientists were 
willing to support it. Which one of the following is the MOST 
probable reason for this disagreement, 


A. Arrhenius gave a different interpretation to the observations 
related to this problem. 

B. The scientists who would not support this theory were not as 
imaginative as Arrhenius. 

C. Arrhenius did not have enough evidence to support his theory. 

D. The scientists who would not support this theory were less 
willing to risk criticism. 


A scientist was studying an ore from the moon in an attempt to obtain 
a new metal from it. He made several tests but he did not find 
evidence of a new metal. However, he did identify a peculiar gas 
which he obtained during one of the tests. He probably would have 


A. reported that the ore did not contain a new metal. 

B. reported that portion of his investigation related to the gas. 

C. not made any report because he did not solve his problem. 

D. not made any report until he was able to get another scientist 
to confirm his identification of the gas. 


A missionary reported that the root of a plant much like the Rauwolfia 


plant had been used by an African witch doctor to cure him of a serious 


illness. Recent medical reports show that reserpine, a drug effec- 
tive in lowering blood pressure, is extracted from Rauwolfia. Which 
one of the following is the most reasonable conclusion that can be 


drawn from the above discussion? 


A. Since the witch doctor probably did not know anything about 
modern drugs, he did not have a scientific reason for using the 


roots. Pas: 
B. The plant was probably not helpful because the missionary had no 


way of knowing what caused him to get better. | 
The plant may have been helpful since the missionary recovered 


after the.witch doctor's treatment. 
The plant probably was helpful because the Rauwolfia plant con- 


tains reserpine. 
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Quite often it is possible to give several different explanations 
for a particular set of observations. Which one of the following 
would NOT be generally true about such explanations? 


A. Only one of these explanations could be the true scientific 
explanation. 

B. All other things being equal, the explanation which is the most 
widely known is likely to be the accepted one. 

C. The explanation which suggests the greatest possibility for 
further study is likely to be the one which most scientists 
use. 

D. All these explanations would be acceptable if they explain the 
observations. 


Quite often two groups of scientists will support opposing theories 
about some aspect of science. Which one of the following would be 
the MOST important point to consider in settling such a controversy. 


A. Both theories give satisfactory explanations for the observations 
related to the problem, but one theory has more practical appli- 
cations. 

B. One group of scientists believe more strongly in their theory. 

C. One group contains several scientists who have won the Nobel 
Prize for science. 

D. Different conclusions are reached when the two theories are 
applied to certain problems. 


A scientist shows that he is open-minded when he 


A. discusses his ideas with other scientists. 

B. evaluates ideas which do not agree with his theories. 

C. agrees with the ideas presented by other scientists. 

D. asks other scientists to provide experimental evidence to 


support their arguments. 
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Theories in science are generally accepted when it can be shown that 
they explain all of the related observations. However, it is pos- 
sible that exceptions to the theory may exist but are still 
undiscovered. Which one of the following is the BEST approach to 
this problem? 


A. The limits under which the theory has been shown to apply should 
be carefully stated and the theory should be used within these 
limits. 

B. Scientists should provide several theories to explain a given set 
of observations so that if exceptions to one theory are found, 
they will have others to rely on. 

C. Scientists should not accept a theory until they are certain that 
exceptions to it do not exist. 

D. When exceptions are discovered, scientists should abandon the 
theory and look for a new one. 
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SCIENCE LEARNING SITUATION INVENTORY (SLSI) - TEACHER'S 
a REN SNVENTORY (SLST) ~ TEACHER'S 
Prepared by Gary Gay 
Following are descriptions of several science learning situations. 
Evaluate each situation in terms of the degree to which it describes 


your science learning situation and you. 


On the specially prepared answer sheet, for each science learning 
situation mark 


A. If you strongly agree with the statement. (i.e., it describes 
you or your science learning situation to a high degree). 


B. If you agree with the statement. 
C. If you neither agree nor disagree. 
D. If you disagree with the statement. 


E. If you strongly disagree with the statement. (i.e., it does not 
describe your science learning situation at all). 


Please put your name and number on the answer sheet and mark your 
number in the first three lines of the box in the top right-hand corner. 


The situations begin below. 


Key: A B c D E 
| strongly agree neutral disagree strongly 
agree disagree 


1. In some science classes the teacher spends most of the time telling 
the students about science or lecturing to them. 


2. In some science classes the science teacher causes Ene SEUAENES EO 
think when he talks to them. 


In some science classes the teacher exemplifies or acts like a scientist 
would act when he is confronted with a problem. 


4. Some science classrooms are organized in such a way that a lot of time 
is available for students to perform investigations. 


Some science teachers are like scientists in the way they do things. 


When a student asks some science teachers a question they get questions 
in return, others supply the answer immediately. I give an immediate 
7 


direct answer. 
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A B e D E 
strongly agree neutral disagree strongly 
agree disagree 


In some classes a wide variety of techniques are used to solve prob- 
lems in science and to learn about science. (Examples: discussions, 
TI€@ld-Erips, lectures, movies, lab, library, etc.) 


Some science classes spend considerable time learning about the types 
of attitudes a scientist should have. 


In some science classes the students help set up equipment for demon- 
strations and assist in performing them. 


Some science classes spend time developing hypotheses or guessing 
possible answers to a given problem. 


Some science classes spend time designing experiments which could be 
used to help find the solution to a given problem. 


Some science classes spend time collecting data which may be of use 
in solving a particular problem. 


Some science classes spend time organizing, analyzing and interpreting 
data collected in a given experiment. 


In some science classes the student is expected to work towards his 
own answer to a scientific problem rather than a "correct" answer 


which the teacher expects. 


In some science classes students get to choose their own experiments 
at least part of the time. 


In some science classes students are motivated to discuss collected 
data, ideas, hypotheses, procedures, data processing, etc. with other 


students. 


The students spend more time working and doing things than the science 
teacher actually does talking to them. 


The students get to study topics that are of interest to them. 


There are definite answers or conclusions that the science teacher 


expects for experiments or lab work. 


The students perform a large variety of activities in their science 
class e.g., listen to the teacher, solve problems, do lab work, 
work in the library, watch movies, discuss their work with other 


students, etc. 
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A B (& D E 
strongly agree neutral disagree strongly 
agree disagree 


The students perform studies or parts of studies on their own with 
little or no help from the science teacher. 


The students perform lab work in which they do not know if there is 
a correct answer before they begin. 


The teacher starts a new study by giving rules and general ideas. 


The students learn science in a manner similar to the way in which 
scientists learn about science. 


As a result of learning science the students understand better what 
scientists are doing in the world today. 


As a result of learning science the students appear more interested 
in the latest developments of science as reported in newspapers or 
magazines. 


The students spend time on their own outdoors or at home collecting 
data or information that is of interest to them in science. 


In class the students often analyze current newspaper or magazine 
articles to see what the scientists are actually planning and doing. 


When students read articles in newspapers and magazines or hear news 
about scientists on the radio they think about what stage of planning 


the scientists' experiments are in. 


The students spend time in class just investigating the activities 
scientists participate in rather than just the knowledge they discover. 


The students view the lab, the classroom, the library, outside the 
school and other teachers all as possible sources of information for 


their science studies. 


The students learn, in their science classes, desirable ways to attack 


new scientific problems. 
The students know why scientists are going to the moon. 


As a result of studying science the students know, and know how to 


perform, the important steps in solving a scientific problem. 
4 


The students could attack and propose a solution to a new problem 


using a scientific method. 
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Key: A B es D E 
strongly agree neutral disagree strongly 
agree disagree 


36. As a result of the manner in which the class studies science the 
students should feel as if they are acting like a scientist a large 
proportion of the time. 


37. As the students study science they are learning a method they can 


use to study and solve new science and personal problems which may 
arise. 


38. The science class often spends considerable time discussing the 
results of experiments with little advice from the teacher. 


Thank you for your cooperation in filling in this Science Learning 
Situation Inventory. 
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SCIENCE LEARNING SITUATION INVENTORY (SLSI) - TEACHER'S ASSOCIATE 
win PEE asda Mee bred ek $e ACTER YD ASSOCIATE 


Prepared by Gary Gay 


Following are descriptions of several science learning situations. 
Evaluate each situation in terms of the degree to which you think it 
describes the science learning situation and/or the teacher who gave it 
to you. 


On the specially prepared answer sheet, for each science learning 
situation mark 


Ar =r? YOU strongly agree with the statement. (1.e@., 16 describes the 
teacher or his science learning situation to a high degree). 


B. If you agree with the statement. 
C. If you neither agree nor disagree. 
D. If you disagree with the statement. 


E. If you strongly disagree with the statement. (i.e., it does not 
describe the science learning situation at all). 


The situations begin below. 


Key: A B E D E 
strongly agree neutral disagree strongly 
agree disagree 


1. In some science classes the teacher spends most of the time telling the 
students about science or lecturing to them. 


2. In some science classes the science teacher causes the students to 
think when he talks to them. 


3. In some science classes the teacher exemplifies or acts like a scientist 
would act when he is confronted with a problem. 


4 Some science classrooms are organized in such a way that a lot of time 
is available for students to perform investigations. 


5 Some science teachers are like scientists in the way they do things. 


When a student asks some science teachers a question they get questions 
in return, others supply the answer immediately. The teacher you are 

vA - . 
concerned with here gives an immediate direct answer. 
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A B Cc D E 
strongly agree neutral disagree strongly 
agree disagree 


In some classes a wide variety of techniques are used to solve prob- 
lems in science and to learn about science. (Examples: discussions, 
field trips, lectures, movies, lab, library, etc.) 


Some science classes spend considerable time learning about the types 
of attitudes a scientist should have. 


In some science classes the students help set up equipment for demon- 
strations and assist in performing them. 


Some science classes spend time developing hypotheses or guessing 
possible answers to a given problem. 


Some science classes spend time designing experiments which could be 
used to help find the solution to a given problem. 


Some science classes spend time collecting data which may be of use 
in solving a particular problem. 


Some science classes spend time organizing, analyzing and interpreting 
data collected in a given experiment. 


In some science classes the student is expected to work towards his 
Own answer to a scientific problem rather than a "correct" answer 


which the teacher expects. 


In some science classes students get to choose their own experiments 
at least part of the time. 


In some science classes students are motivated to discuss collected 
data, ideas, hypotheses, procedures, data processing, etc. with other 


students. 


The students spend more time working and doing things than the science 
teacher actually does talking to them. 


The students get to study topics that are of interest to them. 


There are definite answers or conclusions that the science teacher 


expects for experiments or lab work. 


The students perform a large variety of activities in their science 
listen to the teacher, solve problems, do lab work, 


class. €.9., watch movies, discuss their work with other 


work in the library, 
students, etc. 
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Spe 


A B G D E 
strongly agree neutral disagree strongly 
agree disagree 


The students perform studies or parts of studies on their own with 
little or no help from the science teacher. 


The students perform lab work in which they do not know if there is 
a correct answer before they begin. 


The teacher starts a new study by giving rules and general ideas. 


The students learn science in a manner similar to the way in which 
scientists learn about science. 


As a result of learning science the students understand better what 
scientists are doing in the world today. 


As a result of learning science the students appear more interested 
in the latest developments of science as reported in newspapers or 
magazines. 


The students spend time on their own outdoors or at home collecting 
data or information that is of interest to them in science. 


In class the students often analyze current newspaper or magazine 
articles to see what the scientists are actually planning and doing. 


When students read articles in newspapers and magazines or hear news 
about scientists on the radio they think about what stage of planning 


the scientists' experiments are in. 


The students spend time in class just investigating the activities 
scientists participate in rather than just the knowledge they discover. 


The students view the lab, the classroom, the library, outside the 
school and other teachers all as possible sources of information for 


their science studies. 


The students learn, in their science classes, desirable ways to attack 
new scientific problems. 


The students know why scientists are going to the moon. 


As a result of studying science the students know, and know how to 


perform, the important steps in solving a scientific problem. 


The students could attack and propose a solution to a new problem 


using a scientific method. 
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Key: A B C D E 
strongly agree neutral disagree strongly 
agree disagree 


36. As a result of the manner in which the class studies science the 
students should feel as if they are acting like a scientist a large 
proportion of the time. 


37. As the students study science they are learning a method they can 
use to study and solve new science and personal problems which may 
arise. 


38. The science class often spends considerable time discussing the 
results of experiments with little advice from the teacher. 


Thank you for your co-operation in filling in this Science Learning 
Situation Inventory. 


Please enclose this and your answer sheet in the stamped, addressed 
envelope you were given and mail. 
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SLSI-S FACTORS AND CONSTITUENT ITEMS 


FACTOR 1: The Scientist and the Nature of Science (15 items) 
eet ane the Nature of Science 


47. We learn about and practice the type of attitudes a scientist 
should have. 


49. As a result of learning science I understand better what 
scientists are doing in the world today. 


50. As a result of learning science I am more interested in the 
latest developments of science as reported in newspapers or 
magazines. 


51. I spend time on my own outdoors or at home collecting data or 
information that is of interest to me in science. 


52. In class we often analyze current newspaper or magazine 
articles to see what the scientists are actually planning 
and doing. 


53. When I read articles in newspapers and magazines or hear news 
about scientists on the radio I think about what stage of 


planning their experiments are in. 


54. We spend time in class just investigating the activities 
scientists participate in rather than just the knowledge they 


discover. 


55. I view the lab, the classroom, the library, outside the school 
and other teachers all as possible sources of information for 


my science studies. 


56 We learn, in our science classes, desirable ways to attack new 
scientific problems. 


57. I know why scientists are going to the moon. 


As a result of studying science I believe I know, and know how 


Do. / . a 
to perform, the important steps in solving a scientific problem. 

59 I could attack and propose a solution to a new problem using a 
scientific method. 

60. As a result of the manner in which our class studies science I 


feel as if I'm acting like a scientist a large proportion of 


the time. 
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Factor -L-(Cont.'d) 


61. As I study science I feel I am learning a method I can use to 


study and solve new science and personal problems which may 
arise. 


62. Our science class often spends considerable time discussing 
the results of experiments with little advice from the teacher. 


FACTOR 2: TMC: Variety of Activities (10 items) 
ee PCE OF ACTIVITIES: 


Some science classrooms are organized in such a way that a lot 
of time is available for students to perform investigations. 


8. I am in that type of class. 


In some classes a wide variety of techniques are used to solve 
problems in science and to learn about science. (Examples: discussions, 
field trips, lectures, movies, lab, library, etc.) 


Ja.) am, in such a Class. 


15. The approaches my teacher uses to. teach me about science are 
very effective. 


In some science classes the students help set up equipment for 
demonstrations and assist in performing them. 


49, 6 8 in such a Class. 


Some science classes spend time organizing, analyzing and inter- 
preting data collected in a given experiment. 


30. We do spend time organizing, analyzing and interpreting data 
in our class. 


In some science classes students are motivated to discuss 
collected data, ideas, hypotheses, procedures, data processing, etc. with 


other students. 
378 tf am in such a class. 


39. We get to study topics that are of interest to us. 


Our science teacher uses many types of teaching. (e.g., discus- 


3. films, overhead projectors, lab exercises, etc.). 


sion groups, 


43. We perform a large variety of activities in our science class. 
(e 5 listen to the teacher, solve problems, do lab work, work 
pone library, watch movies, discuss our work with other 


students, etc.) 
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accor 2 (Cont'd) 


56. We learn, in our science classes, desirable ways to attack new 
scientific problems. 


FACTOR 3: TMC: Attention to the Process of Science (10 items) 


Some science classes spend time developing hypotheses or gues- 
sing possible answers to a given problem. 


21. Our class does spend time developing hypotheses. 


22. I spend time developing hypotheses. 


Some science classes spend time designing experiments which 
could be used to help find the solution to a given problem. 


24. Our class does spend time designing experiments. 


25. I spend time designing experiments. 


Some science classes spend time collecting data which may be of 
use in solving a particular problem. 


27. We do spend time collecting data in our class. 


28. I get to spend time collecting data in my class. 


Some science classes spend time organizing, analyzing and 
interpreting data collected in a given experiment. 


29. I would like to be in such a class. 


30. We do spend time organizing, analyzing and interpreting data 


in our class. 


31. I spend time organizing, analyzing and interpreting data. 


In some science classes students are motivated to discuss 
collected data, ideas, hypotheses, procedures, data processing, etc. with 


other students. 


37. I am in such a class. 
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FACTOR 4: SLSI-D: Desired Learning Environment (13 items) 
eet tee bLOarning Environment 


In some science classes the science teacher causes the students 
to think when he talks to them. 


3. I would like to be in that type of class. 


In some science classes the teacher exemplifies or acts like a 
scientist would act when he is confronted with a problem. 


5. I would like to be in that type of class. 


Some science classrooms are organized in such a way that a lot 
of time is available for students to perform investigations. 


7. I would like to be in that type of class. 


Some science teachers are like scientists in the way they do 
things. 


9. I would like my science teacher to be like that. 


In some classes a wide variety of techniques are used to solve 
problems in science and to learn about science. (Examples: discussions, 
field trips, lectures, movies, lab, library, etc.) 


I3y. T-would like to be in such a Class. 


In some science classes the students help set up equipment for 
demonstrations and assist in performing them. 


Te... £ would Jike to be. in such a class. 


Some science classes spend time developing hypotheses or gues- 
sing possible answers to a given problem. 


20. I would like to be in such a class. 


Some science classes spend time designing experiments which 
could be used to help find the solution to a given problem. 


23. I would like to be in sucha class. 


Some science classes spend time collecting data which may be 


of use in solving a particular problem. 


en. 


26. I would like to be in such a class. 
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Some science classes spend time organizing, analyzing and 
interpreting data collected in a given experiment. 


29. I would like to be in such a Classe 


In some science classes the student is expected to work towards 
his own answer to a scientific problem rather than a "correct" answer 
which the teacher expects. 


32. I would like to be in such a class. 


In some science classes students get to choose their own 
experiments at least part of the time. 


34. I would like to be in such a class. 
In some science classes students are motivated to discuss 
collected data, ideas, hypotheses, procedures, data processing, etc. with 


other students. 


36. I.swould like to be in such a class. 


FACTOR 5: The Scientist (8 items) 


In some science classes the science teacher causes the students 
to think when he talks to them. 


4, i. teamainethatetyperor class. 


In some science classes the teacher exemplifies or acts like a 
scientist would act when he is confronted with a problem. 


5. I would like to be in that type of class. 


6. I-am in that type of class. 


Some science teachers are like scientists in the way they do 


9. I would like my science teacher to be like that. 


10. My science teacher is like that. 


Some science classes spend considerable time learning about the 
types of attitudes a scientist should have. 


17. Iam in such a class. 


We learn about and practice the type of attitudes a scientist 


should have. 


47. 
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48. We learn science in a manner similar to the way in which 
scientists learn about science. 


FACTOR 6: Doing Science (il items) 


Some science classrooms are organized in such a way that a lot 
of time is available for students to perform investigations. 


8. I am in that type of class. 


Some science classes spend considerable time learning about 
the types of attitudes a scientist should have. 


16. I would like to be in such a class. 


Some science classes spend time designing experiments which 
could be used to help find the solution to a given problem. 


25. I spend time designing experiments. 


In some science classes the student is expected to work towards 
his own answer to a specific problem rather than a "correct" answer which 
the teacher expects. 


35% fan in such a class. 


In some science classes students get to choose their own experi- 
ments at least part of the time. 


350) ob am in such a class . 


38. We spend more time working and doing things than the science 
teacher actually does teaching. 


39. We get to study topics that are of interest to us. 


44 We perform studies or parts of studies on our own with no help 
from the science teacher. 


45 We perform lab work in which we do not know if there is a 
correct answer before we begin. 


54. We spend time in class just investigating the activities 
scientists participate in rather than just the knowledge they 


discover. 


Our science class often spends considerable time discussing the 


62. , 
results of experiments with little advice from the teacher. 
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FACTOR 7: Teacher Response (6 items) 


In some science classes the teachers spend most of the time 
telling the students about science or lecturing to them. 


i. I would like to be in that type of class. 
2. iL am in that type of class. 


When you ask some science teachers a question you get questions 
in return, others supply the answer immediately. 


ll. I would like a science teacher that gives an immediate direct 
answer. 


12. I have a science teacher that gives an immediate direct answer 
to my questions, rather than one who asks questions which lead 
to the answer. 


Some science classes spend considerable time learning about the 
types of attitudes a scientist should have. 


16. I would like to be in sucha class. (Negative loading) 


41. When we have a science problem the teacher gives us the correct 
answer right away. 


UNLOADED ITEMS 


40. There are definite answers or conclusions to our experiments 
or lab work. 


46. our teacher starts a new study by giving rules and general 


ideas. 
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STATISTICS FOR MEASURING INSTRUMENTS USING 


TOTAL STUDENT POPULATION 
— 


STANDARD NUMBER OF 
INSTRUMENT NAME MEAN DEVIATION RANGE STUDENTS 
eer ee a ey ee a ee eee eee 

Sihol-S: TMC a Fe 18.40 65-205 4479 

SLSI-A 62.95 LOL 24-101 4479 
SLSI-D 56.28 7.14 22-79 4479 

SLSI-T (130377) 

SLSI-TA (£32569) 

HIFAMS TOTAL 2 O69 3.80 65-187 4259 
Fl: SCHOOL OFFERS 24.70 4.32 8-37 4259 
F2: TEACHER 

IMPORTANCE 2/239 4.40 8-40 4259 
F3: PROGRAM 

IMPORTANCE 29.968 A355 13-44 4259 
F4: TEACHER 

CHARACTERISTICS 15.44 = 62, D2 4259 
F5: TMC a ES pad Is 2.74 4-20 4259 
F6: SOCIAL LIFE 13.60 pee OY 4-20 4259 
P/ <=) SCHL PROF. Ae NG) 4.16 8-40 4259 
FEs “SYSTEM EFFECT. Lo .L0 She fas 8=-27 4259 

TOSA 14.94 4.88 0=29 3425 
TOSA-CCS 6.94 Z2a/8 0-16 3425 
TOSA-ICS ee pe) 2394 O-13 3425 

SCIENCE MARK 59.0 14.98 15-95 SL 21 

105.64 12.46 62-150 Shed 
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Statistics For .... Student Population 
STANDARD NUMBER OF 
INSTRUMENT NAME MEAN DEVIATION RANGE STUDENTS 
TOUS-Ew 20357 ye 0) 0-33 3634 
TOUS-Jw 22.47 6.78 0-41 2829 
SATS 205.57 24.42 94-304 3892 


STEP 38 92 8.50 306 


b/ dal an | Te A ART LI Sti: i y ce 
; y | , Wa ay ay : 
han) | ery 
} | i Ab A ; { (oe out r) 
- 
} oF 
a 


Pe aey ye +) 
NOPE YWasbiee ....° 4 pokeeatsega 


roe = 
‘A any 4 uy , if 1 
i’ ran , 
4 by rTTw ¥ ~ - 
Ay ay AS ‘i Ws 
| 
em Ae dprcions © — ” 
H ‘ont. 
hs 
y iy pe > 
sha Se 7) ct 
| 


iy 


ey ; i 5 - y a 
M18» an ei ay , 
ae a at 
oe 7 med) | 
. * pe! 
. ‘ Hi v he rt 


SeAgEst tig Ft SEAPURGM ENT herent rene 


ype eno camria Pon 
Lene na nett 


ed | ; aes i, ee eo a 
on = sneer pared ak Ws horn a '" 
Lae ods Te. ae | “er 
= ewe 9.49 $*2 
a te 2 
1.2 7.68) a 
(> an) i 
~ ia 47 
Dod. PRE ¢ (us d?j 
 Ponrh +. PL. end ; 
CWPOR TAS! 4,20 “8 
 CORRACT ES . Fs 71 | 
: 2.62 art 
rf iy. @ 20 ei 
=> 4 4.49 é0@ aT 
&, ¢-67 
*. 2. 7a 
aj) 2a 
1a. # 5.08 


a 
} : ; va 
Ng ‘ i 
=a be 7 i 4 my ‘4 
' j 5 in Ai 
f ey 
i Lian 
4 Le i 
4 et 
i | 
, I 
yl 
: t j 
ye | 
we 
6 
lay ihe 
7 i ; 
i 
a 1 
f 
f 
= 
Re 
\ 
a ‘ LG AS ) 
ai 
' i 
ey) 
i | 
7] Ne. } 
i \ 
} 
z 
put 
ae 


ae es 
nae a ie ia 


338 


STATISTICS FOR MEASUREMENT INSTRUMENTS USING 


STUDENTS FROM SAMPLE 
SN 


STANDARD NUMBER OF 
INSTRUMENT NAME MEAN DEVIATION STUDENTS 
ne re ee ee NI Bie hae Le 
SLSI-S. 128 50 16.60 482 
SLSI-A O1u,62 9.89 482 
SLSI-D 567-5 FOL. 482 
Slol=T (133.500) (8.88) (6) 
SLSI-TA (129.20) (9.98) (5) 
HIFAMS TOTAL 32623 14.23 471 
Fl: SCHOOL OFFERS Zonoe 4.04 471 
F2: TEACHER 
IMPORTANCE 20 eld 4.39 471 
F3: PROGRAM 
IMPORTANCE 30 SDS. 4.20 471 
F4: TEACHER 
CHARACTERISTICS 15293 2278 47] 
F5: TMC LO. 38 2202 471 
F6é: SOCIAL LIFE 13.67. Pes 4S) 471 
TOSA 15.88 4.49 404 
TOSA-CCS F250 2.62 404 
TOSA-ICS Cree, 2.74 404 
SCIENCE MARK 61.41 133595 482 
TeOis 106.91 i2.08 457 
TOUS-Ew 21.46 4,68. oe 473 
24.12 swede, 439 
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Sia@tisties For’ .... from. Sample 
STANDARD NUMBER OF 
INSTRUMENT NAME MEAN DEVIATION STUDENTS 
SATS 206.50 24.83 477 
STEP 38.92 8.56 306 
SEX Pus. 0.50 491 
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